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PREFACE. 


There  is  no  want,  in  the  present  day,  of  excellent  ele- 
mentary works  on  Physiology ;  but  with  the  late  rapid 
and  incessant  growth  of  this  science,  it  seems  to  the  Writer 
that  several  such  works,  each  conceived  in  its  own  spirit, 
may  advantageously  exist  side  by  side,  he  has  therefore 
resolved  to  publish  an  Elementary  Treatise  on  Physiology 
himself. 

The  great  object  which  he  proposes  in  this  undertaking, 
and  to  which  he  will  hold  all  others  subordinate,  is  this : 

To  give  the  most  concise  and  clear  view  possible  of  the 

older  and  newer  Physiological  Inquiries  in  a  systematic 

form,  and  with  particular  reference  to  Practical  Medicine. 

The  work  is  divided  into  four  Parts. 

The   First  embraces  the  subjects  of  generation   and 

DEVELOPMENT. 

The  Second  comprises  the  subject  of  nutrition  ; 

The  Third  treats  of  sensation  and  motion  ; 

The  Fourth  Part  will  include  the  general  physiology. 

The  reasons  for  this  arrangement  the  Writer  imagines 
must  be  apparent  in  its  announcement.  The  General  only 
becomes  intelligible  when  the  Particular  has  been  analy- 
tically investigated ;  it  is  only  after  the  consideration  of  the 
several  special  vital  processes,  that  secure  advances  can  be 
made  in  their  contemplation  in  the  aggregate  and  as  they 
are  associated.  On  this  account  is  the  General  Physiology 
postponed  till  the  Special  Physiology  has  been  discussed. 

The  Physiology  of  Man  is  to  be  understood  as  the  pecu- 
liar object  of  the  work ;  every  unnecessary  deviation  into 
the  domains  of  Comparative  Anatomy  and  Physiology  has 
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therefore  been  avoided  ;  with  this,  however,  a  comprehen- 
sive glance  has  been  taken,  not  only  over  the  animal,  but 
even  over  the  vegetable  world,  whenever  comparative  views 
seemed  requisite  to  the  right  understanding  of  processes 
in  their  last  complexity,  or  where  an  appeal  to  lower 
organisms  became  indispensable  to  the  elucidation  of  phy- 
siological facts  in  higher  grades  of  creation. 

As  supplementary  to  the  present  undertaking,  and  with 
a  view  to  the  comprehension  of  the  morphological  substra- 
tum of  physiology,  the  Writer  determined  to  produce  at 
the  same  time  an  Atlas  of  Plates,  under  the  title  of  icones 
PHYSIOLOGIC^.  Like  the  Work  itself,  the  Atlas  has  ap- 
peared in  three  fasciculi,  having  reference  to  the  three 
grand  divisions  of  Special  Physiology.  The  Elements  of 
Physiology  and  this  Atlas  may  therefore  be  understood  as 
having  a  mutual  reference  to  one  another,  but  each  is 
nevertheless  complete  in  itself. 

In  writing  the  Elements  of  Physiology,  the  Author  has 
had  his  eye  particularly  upon  the  Student  and  the  Prac- 
titioner of  Medicine  ;  but  he  has  not  been  unmindful  of 
any  one  who  would  obtain  a  comprehensive  view  of  the 
recent  progress  and  present  state  of  physiology.  He  has 
striven  especially  to  make  his  book  a  guide  in  the  path  of 
observation  and  experiment  to  those  who,  remote  from  the 
appliances  of  great  cities  and  amply-furnished  institutions, 
are  still  anxious  to  investigate  and  to  prove  for  themselves, 
with  such  means  as  they  have  at  their  command.  Even  to 
the  physiologist  of  higher  pretensions,  however,  he  would 
fain  hope  that  he  had  presented  a  work  not  unacceptable 
on  many  accounts;  for  it  has  still  been  his  endeavour 
to  see  where  it  was  possible  with  his  own  eyes,  and  to 
speak  at  all  times  as  feeling  himself  firm  on  his  own  foot- 
ing. With  all  this  he  cannot  but  hold  himself  doubly 
secure  in  the  support  of  the  distinguished  physiologists 
who  have  furnished  him  original  contributions  upon  those 
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subjects  to  which  they  have  more  particularly  devoted 
their  attention.  In  the  First  Part  he  has  to  acknowledge 
valuable  observations  from  his  friends,  Bischofp,  Schwann, 
Valentin,  and  £.  H.  Weber,  and  in  the  Second  Part,  from 
Dr.  Julius  Vogel,  which  will  be  found  engrafted  in  their 
proper  places  among  the  annotations,  or  in  the  body  of  the 
text. 

RUDOLPH  WAGNER. 

GoTTUtoEif,  1842. 


NOTICE  BY  THE  TRANSLATOR 

Thb  foregoing  advertisement  of  the  Author  leaves  little 
to  be  said  by  his  Translator  :  but  if  in  a  country  like  Ger- 
many, where  there  is  already  no  want  of  even  excellent 
elementary  treatises  on  Physiology,  it  was  believed  that 
another  might  advantageously  see  the  light,  surely  in  Eng- 
land, where  there  is  something  like  a  dearth  of  works  of 
this  kind,  especially  of  native  growth,  ample  room  must  be 
found  for  the  transplantation  of  one  of  moderate  pretensions, 
indeed,  but  of  unquestionably  high  character. 

Engaged,  of  late  years,  in  delivering  Lectures  on  the 
Theory  and  Practice  of  Medicine,  and  forced  in  the  dis- 
charge of  this  task  upon  a  more  than  usually  close  medi- 
tation of  the  great  Principles  of  the  Healing  Art,  as  flowing 
immediately  from  a  knowledge  of  the  Laws  of  Life,  the 
Writer  felt  peculiar  pleasure  in  meeting  with  the  Elements 
of  Physiology  of  Professor  Wagner;  here  he  seemed  to  find 
embodied  all  that  he  was  in  search  of  in  a. System  of  Physi- 
ology ;  the  practical  character,  it  struck  him,  was  never 
more  obviously  stamped  on  any  production  of  mind  than 
on  this,  and  seeing  that  the  work  was  all  it  purported  to  be, 
**A  eoncise  and  clear  Statement  of  the  Doctrines  of  Physiology 
in  a  systematic  form,  and  bearing  particularly  upon  Practical 
Medicine,"  he  thought  that  he  would  be  held  as  conferring 
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a  boon  upon  the  medical  and,  perchance,  even  on  the 
general  literature  of  Great  Britain,  did  he  present  the  work 
in  an  English  dress ;  for  Physiology,  indispensable  to  the 
practitioner  of  medicine,  is  also  the  first  and  most  essential 
element  in  the  general  science  of  man. 

The  anatomical  basis  upon  which  Special  Physiology  in 
the  present  day  so  entirely  rests,  made  it  almost  imperative 
on  the  Translator  to  adopt  the  icones  physiologicjs  of 
the  Author  as  an  element  in  the  work.  This  has  accordingly 
been  done  to  a  very  great  extent ;  and  carefully  engraved 
in  wood  by  our  excellent  artist,  Mr.  Vasey,  and  incorporated 
with  the  text  in  their  proper  places,  the  Writer  trusts  that 
these  valuable  means  of  Illustration  will  be  deemed  to  have 
been  used  in  the  most  advantageous  manner. 

With  regard  to  additions^  the  Writer  saw  that  one  great 
merit  of'  Dr.  Wagner's  work  was  its  conciseness.  He  has 
been  chary  in  lessening  its  claims  to  the  attention  of  the 
Student  and  Practitioner,  by  taking  away  from  this  most 
rare  and  excellent  quality.  In  consideration  of  the  daily, 
the  hourly,  advances  of  Physiology,  however,  he  believed 
that  besides  sweetening  his  labour,  he  could  make  the 
work  more  thoroughly  English  by  appending  a  few  anno- 
tations both  on  his  own  motion,  and  on  the  hint  of  more 
than  one  excellent  Anatomist  and  Physiologist.  To  his 
kind  friend  Mr.  George  Gulliver  in  particular,  he  is  indebt- 
ed for  several  original  observations,  and  for  numerous 
suggestions  in  the  course  of  his  agreeable  labour.  The 
few  additions  which  have  thus  been  made,  the  Writer 
would  fain  hope  will  be  found  to  place  the  work  fairly 
on  a  level  with  the  state  of  knowledge  on  the  various 
departments  of  the  Special  Physiology  at  the  present  hour. 

R.  WILLIS. 

LoHOON,  1844. 
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OF  GENERATION  AND  DEVELOPMENT. 


SECTION   THE   FIRST. 

OF  GENERATION. 


THE  SUBJECT  AND  MODE  OP  TREATMENT. 

§  1.  In  the  act  of  generation  two  different  matters  or  elements 
are  brought  to  exert  an  influence  upon  each  other.  These  elements 
are  formed  and  separated  from  the  blood  in  the  germ-preparing 
organs  of  the  male  and  female,  when  they  have  attained  their  ma- 
turity. The  male  generative  element  is  called  semen  (sperma), 
9eed ;  the  female,  ovum,  egg.  As  the  effect  of  an  intimate  con- 
junction of  both  of  these  elements,  the  embryo  is  evolved,  which 
proceeds  to  its  ulterior  development  either  within  or  without  the 
body  of  the  mother.  The  act  of  generation  is  complete,  when  the 
maternal  generative  element  has  been  consumed  or  exhausted,  and 
the  various  organs  of  the  embryo  are  so  far  developed,  that  it  is 
fitted  to  assume  an  independent  existence,  and  to  take  nourishment 
firom  without.  The  development  op  the  embryo  would  con- 
sequently appear  to  be  but  a  second  stage  or  division  of  the 
generative  act. 

§  2.  In  owe  exposition  of  the  elements  which  enter  into  the 
generative  act,  we  shall  follow  at  once  an  analytic  and  a  synthetic 
method.  We  shall  begin  with  an  analysis  of  the  germ«preparing 
organs  and  generative  matter  in  the  male,  next  investigate  the  pri- 
mary formations  in  the  germ-preparing  organs  of  the  female,  and 
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wind  up  these  anatomico-physiological  notices  with  a  general  ac- 
count of  the  forms  of  the  sexual  system,  in  the  course  of  which  the 
usual  amount  of  knowledge  of  human  anatomy  will  be  presumed. 
We  shall  then  proceed  to  consider  the  phenomena  that  accompany 
the  encounter  of  the  two  matters  essential  to  generation,  parti- 
cularly describing  the  general  occurrences  of  the  first  moment  of 
the  generative  act,  which  afibrd  an  explanation  of  some  questions 
connected  with  the  subject  *. 


CHAPTER  I. 

ANALYSIS  OF  THE  GERM-PREPARING  SEXUAL  ORGANS,  AND 
THEIR  PRODUCTS. MICROSCOPIC  ANALYSIS  OF  THE  SPER- 
MATIC FLUID. 

§  3.  The  spermatic  fluid  {spermay semen),  which  iasecretedin 
the  testicles  of  all  male  animals  capable  of  reproduction,  is  of  thick 
consistency  and  a  whitish  colour.  This  fluid  is  obtained  for  analysis 
in  greatest  purity,  and  most  completely  formed,  when  a  drop  of  it  is 
taken  directly  from  the  epididymis  or  vas  deferens  and  transferred 
to  the  field  of  the  microscope.     Care  must  be  taken  to  choose  the 

^  The  majority  of  the  older  works  on  generation  have,  at  the  present  day, 
merely  an  historical  value.  They  mostly  consist  of  pure  speculations,  without 
any  foundation  in  fact  or  observation :  these  works  will  be  referred  to  by-and- 
by  in  our  History  of  Physiology,  and  also  in  the  different  sections  of  the  present 
book.  The  most  remarkable  among  the  older  works  is,  undoubtedly,  that  of 
Harvey,  Exerdtatumes  de  Generaiione  Animaliian,  Lond.  1651,  in  4to.  The 
writings  of  Regner  de  Qraaf^  entitled,  De  Virorum  Organis  generationi  inservienti- 
bus,  Lugd.  Batav.  1668,  in  8vo,  and  De  MuUerum  OrganiSy  &c.  ib.  1672,  are 
also  of  great  importance.  Copious  summaries  of  all  the  observations  of  the  older 
writers  may  be  found  in  Halter's  Elementa  Physiologic,  vol.  vii.  p.  410.  1765. 
Among  the  writings  of  more  recent  date  which  treat  of  the  subject  of  generation 
generally,  we  must  particularly  refer  to  that  of  Spallanzani,  EspirietMes  sur  la 
GinSration  par  Senebier,  Geneve,  1783,  translated  into  German,  by  Michaelis, 
Leipz.  1786;  [and  into  the  EngUsh,  in  TVacis  on  the  Natural  History  of  Animals 
and  Vegetables,  by  Dalyell,  Edin.  1803 ;]  to  that  of  Oken,  die  Zeugung,  Bam- 
berg and  Wiirzburg,  1805 ;  of  Prevost  and  Dumas,  Nouvelle  Th^orie  de  la  GM- 
ration.  Annates  des  Sciences  Nat,  tom.  i.  ii.  and  vi. ;  of  Burdach,  Physiologie,  B.  i. 
(second  edition,)  1835,  which  contains  a  very  copious  account,  but  is  not  complete 
as  regards  the  numerous  recent  observations.  The  best  and  most  comprehensive 
view  of  the  whole  subject  of  generation,  grounded  on  personal  observation, 
which  we  possess,  is  that  by  Dr.  Allen  Thomson,  in  his  article,  Generation,  in 
Todd^s  Cyclcpadia  of  Anatomy  and  Physiology,  vol.  ii.  The  writings  of  Wolff, 
Blumenbach,  and  others  will  be  particularly  quoted  by  and  by. 
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body  of  an  animal  just  killed,  or  a  perfectly  recent  human  subject, 
that  the  semen  may  be  studied  before  it  has  undergone  any  change. 
A  small  quantity  of  albumen,  or  of  the  serum  of  the  blood,  has  no 
effect  in  altering  the  semen,  and  affords  the  best  means  of  diluting 
and  spreading  sulBSciently  the  globule  of  spermatic  fluid  destined 
for  examination.  Properly  reduced  and  extended,  the  fluid  is  then 
to  be  covered  in  the  usual  way  with  a  thin  plate  of  glass  (or  mica '). 
Under  a  magnifying  power  of  three  or  four  hundred  diameters, 
there  is  immediately  brought  into  view  a  multitude  of  minute 
bodies,  closely  crowded  together  even  in  the  attenuated  fluid,  and 
among  which^  when  the  semen  is  that  of  an  animal  but  lately  dead, 
a  more  or  less  active  motion  prevails.  These  moving  bodies,  ever 
since  their  discovery,  have  been  spoken  of  under  the  name  of 
the  seminal  ammalcides^  or  spermatozoa '.    At  first  sight,  if  un- 

'  AJbumen,  or^  still  better,  serum  of  the  blood,  is  the  best  thing  for  diluting 
organic  fluids,  or  covering  the  surface  of  tissues,  which  we  would  analyse  with  the 
microscope.    Pure  water  generally  produces  some  change;  but  water  with  from 
one-tenth  to  one-twentieth  of  sugar  or  common  salt  dissolved  in  it,  may  in  many 
cases  be  substituted  for  the  fluids  above  mentioned.  A  little  practice  enables  us  to 
determine  the  proper  degree  of  dilution,  &c.    Blood-serum  is,  perhaps,  most 
quickly  and  conveoiently  obtained  from  frogs,  which  it  is  now  the  custom  with  all 
who  gire  any  attention  to  physiology,  to  keep  by  them  alive  through  the  whole 
year.  The  heart  of  one  of  tiiese  animals  is  opened,  and  the  blood  allowed  to  flow 
into  a  test-glass  of  narrow  diameter,  where  it  is  beaten  or  stirred  with  a  glass 
rod;  after  a  time,  the  globules  begin  to  separate,  and  by-and-by  fall  to  the 
bottom,  the  senmi  swimming  above  them.    This  fluid  will  keep  for  a  consider- 
able number  of  days  even  in  summer ;  in  winter,  of  course,  it  remains  un- 
changed mucli  longer.    Pieces  of  glass  are  conveniently  used  in  many  cases  for 
covering  objects  for  the  microscope,  where  they  do  not  suffer  from  pressure. 
The  seminal  animalcules  are  so  small  and  delicate,  that  their  motions  do  not 
appear  to  be  impeded  in  the  slightest  degree  by  the  pressure  of  one  plate  of  glass 
upon  another* 

'  The  discovery  of  the  seminal  animalcules  is  cotemporaneous  with  the  inven- 
tion of  the  microscope.  A  student  from  Leyden,  named  Ham,  appears  to  have 
been  the  first  (August,  1677,)  who  observed  them.  He  shewed  them  to 
Leeuwenhoeck,  who  followed  up  the  discovery  as  an  object  of  science,  and  com- 
mumcated  the  results  of  his  observations  to  the  Royal  Society  of  London. 
Leeuwenhoeck's  excellent  observations  and  figures  are  contained  in  the  collec- 
tion of  his  works,  entitled  Opera  Omnia  s.  Arcana  Natvree,  4to.  Lugd.  Batav. 
1722;  and,  in  the  Arcana  Natur<B  detecta,  ibid.  1722,  (published  as  a  second 
volume  to  the  foregoing  work).  Later  and  very  useful  observations  are  contained 
in  Voa  Gleichen's  TVeatige  on  Seminal  and  ififasory  Animalcules,  {Ahhandlung 
iiber  die  Samen^  tmd  h^ksiongihierchen  oder  uber  die  Erzeuffun^y  SfC.  Niimberg. 
1778),  4to.  The  publication  of  the  numerous  observations  and  figures  of  Messrs. 
Prevost  and  Dumas  (in  various  volumes  of  the  Annales  des  Sciences  Naturelles), 
may  be  said  to  mark  a  new  epoch  in  this  subject.    Czermak's  Contributions  to 
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diluted  semen  have  been  used^  the  entire  fluid  appears  to  consist 
of  these  animalcules.  With  more  careful  examination^  however, 
other  minute,  round,  granulated  bodies  may  almost  always  be  de- 
tected. At  one  time  these  are  seen  singly,  and  few  in  number ;  in 
others  they  are  more  abundant ;  in  every  case,  however,  they  are 
much  less  numerous  than  the  spermatozoa.  These  bodies  may  be 
distinguished  by  the  name  of  seminal  gramdeSy  granula  semims. 
Both  elements  of  the  semen  are  suspended  in  a  small  quantity  of 
perfectly  homogeneous  fluid,  transparent  and  as  clear  as  water. 
This  liqtuyr  seminis  is  most  distinctly  seen  around  the  edges  of  a 
drop  of  undiluted  spermatic  fluid  brought  into  the  field  of  the 
miscroscope.  Frequently,  or  indeed  commonly,  the  liquor  seminis 
is  present  in  such  small  quantities,  that  it  is  discovered  with  the 
utmost  difiiculty.  It  may,  however,  be  frequently  rendered  more 
obvious  by  the  use  of  some  reagent,  such  as  acetic  acid  or  alcohol^ 
by  which  the  fluid,  albuminous  apparently  in  its  nature,  is  coagu- 
lated, and  then  appears  as  an  exceedingly  delicate  granular  matter^ 
intermixed  with  the  spermatozoa  and  seminal  granules.  Pure 
semen,  therefore,  in  its  most  perfect  state,  consists  principally  of 
seminal  animalcules  and  seminal  granules,  both  of  which  are  enve* 
loped  in  a  small  quantity  of  fluid,  which  I  name  liquor  seminis, 

§  4.  The  LIQUOR  SEMINIS,  from  its  transparency  and  homogene- 
ousness,  cannot  be  made  the  subject  of  any  more  particular  mi- 
croscopical inquiry.  We  possess  no  means  of  isolating  it,  and 
investigating  its  nature  apart  from  the  other  elements  of  the  sper- 
matic fluid,  as  we  do  in  regard  to  so  many  of  the  other  animal 

the  history  of  Spermatozoa  {Beitrage  eu  der  Lehre  der  Spermatozoen,  Wien,  1833 )» 
is,  as  its  title  implies,  especially  devoted  to  the  Spermatozoa ;  the  more  delicate 
details  in  reg^d  to  outline  are  overlooked  in  the  figures  attached  to  this  treatise, 
apparently  from  the  use  of  too  high  a  power,  and  an  instrument  deficient  in 
definition.  I  myself  gave  a  short  critical  notice  of  antecedent  labours,  and 
added  many  new  representations  of  the  seminal  animalcules,  particularly  of  the 
vertebrata,  in  my  Fragments  on  the  Physiology  of  Generation,  and  Chntributums  to 
the  History  of  Development,  which  are  contained  in  the  second  volume  of  the 
Transactions  of  the  Royal  Academy  of  Sciences  of  Bavaria,  for  the  year  1837. 
(Abhandbmg  der  Mathem.  Phys,  Klasse  der  Kimigl.  Botr.  Akad,  der  Wissenschqft.) 
Siebold,  of  Dantzig,  has  given  excellent  and  very  accurate  observations  on  the 
spermatozoa  of  the  invertebrata  especially,  in  MuUer's  Arehiv  fUr  Pkysiologie, 
(1836,  S.  13,  und  232 ;  1837,  S.  381).  I  would  also  refer  to  the  copious  critical 
extracts  from  Siebold's  and  my  observations  in  Valentin's  Repertorium,  Bd.  2, 
S.  133  (1837).  The  opinions  and  knowledge  in  regard  to  the  seminal  ani* 
malcules  of  the  older  writers  will  be  found  displayed  in  a  very  complete  manner 
in  Ehrenberg's  recent  great  work  on  the  htfiuoria  {nber  die  h^vsUmstkierehen, 
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fluids^ — the  blood  for  instance.  In  animals^  with  blood-globules 
of  considerable  size,  such  as  frogs,  it  is  easy  to  separate  the  liquor 
sanguinis  from  the  soUd  elements  by  simple  filiation ;  the  serum 
passes  through,  the  globules  remain  upon  the  filter.  But  the 
filter  stands  us  in  no  stead  in  regard  to  the  spermatozoa;  these 
are  too  minute  to  be  stopped  by  the  meshes  of  any  filter  we  can 
use;  they  pass  through  with  the  Uquor  seminis;  and  then,  the 
thick  and  tenacious  semen  adheres  so  intimately  to  the  surface  of 
a  filter,  that  firequently  nothing  whatever  will  pass.  If  a  quantity 
of  spermatic  fluid  be  left  standing  for  several  hours  or  days  in 
a  test-glass,  still  the  liquor  seminis  does  not  separate,  or  at  most 
it  appears  as  a  thin  line  around  the  edge  of  the  fluid*. 

The  SEMINAL  GRANULES  rcscmble  the  granules  of  the  lymph. 
They  are  colourless  bodies,  that  yet  present  pretty  dark  outlines, 
round,  or  perhaps  somewhat  flattened  in  shape,  having,  as  it 
seems,  a  finely  granular  surface,  and  measuring  in  general  from 
the  xfb^b  to  ^^^  wo^h  of  a  line  in  diameter,  (fig.  I.  a  e,  and 
particularly  fig.  VI.  A,  c,  and  fig.  VII.  b).  Whether  they  have  a 
nucleus  or  not,  has  not  yet  been  certainly  ascertained  *.     Besides 

*  It  is  most  easy  to  obtain  conviction  of  the  existence  of  the  liquor  seminis  in 
the  manner  already  mentioned  (§  3),  namely,  by  the  addition  of  a  drop  of  acetic 
acid  or  of  alcohol  to  the  undiluted  spermatic  fluid ;  besides  the  alteration  produced 
in  the  spermatozoa  by  this  addition,  quantities  of  fine  granular  bodies  make 
their  appearance.  Occasionally  the  spermatozoa  are  in  such  numbers,  and  the 
liquor  in  question  in  such  small  quantity,  that  I  have  failed  to  make  it  manifest 
in  the  manner  indicated  ;  repeated  failures  ought  not,  therefore,  to  lead  to  any 
erroneous  conclusion  in  regard  to  this  matter.  The  greater  number  of  my  expe- 
riments were  made  upon  frogs  and  rabbits,  and  it  was  in  them  that  I  could  most 
completely  satisfy  myself  of  the  existence  of  the  liquor  seminis.  Sometimes, 
besides  the  minutely  granular  bodies,  irregular  coagula,  similar  in  all  respects  to 
those  that  are  produced  in  albuminous  fluids  on  the  addition  of  re- agents,  make 
their  appearance ;  this  is  usually  more  particularly  the  case  about  the  edges  of 
the  drop,  where  fewer  spermatozoa  are  congregated.  The  experiment  is  best 
made  with  alcohol ;  with  acetic  acid,  the  cloudiness  and  minutely  granular  pre. 
cipitate  are  occasioned  less  certainly  or  less  perfectly ;  if  a  mixture  of  alcohol  and 
acetic  acid  be  used,  small  coagula  are  immediately  produced. 

*  The  seminal  granules,  granida  seminis,  appear  to  be  regularly  constituted, 
and  genuine  elements  of  the  spermatic  fluid,  and  by  no  means  altered  epithelial 
cells  or  nuclei ;  these  last  are  easily  distinguished,  mingled  with  the  semen  at  the 
same  time,  and  are  always  to  be  met  with,  in  consequence  of  the  process  of 
desquamation  that  is  continually  going  on  from  the  epithelium.  They  are 
alwa3rs  paler  in  colour,  more  flattened,  and  have  never  such  dark  margins  as  the 
proper  seminal  granules.  It  must  be  allowed,  nevertheless,  that  it  has  hitherto 
been  impossible  to  say,  with  certainty,  whether  these  granules  are  plastic  seminal 
elements, — products  of  the  proper  secreting  function  of  the  testis,  or  mere  pro* 
ducts  of  the  epithelium  cells.     I  have  found  them  in  the  seminal  fluid  of  man 
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these  corpuscles^  others  of  a  different  nature  are  occasionally,  but 
not  invariably  met  with  in  the  semen  of  the  higher  vertebrata. 
These  are  minute  shining  globules,  having  dark  edges,  refracting 
the  light  powerfully,  and  bearing  the  strongest  resemblance  to 
small  fat  or  oil-globules' ,  (fig.  VI.  B,  a  and  A,  from  the  testis,  p.  26). 
Occasionally,  too,  we  find  molecules  of  still  smaller  dimensions, 
which  exhibit  the  Brownian  molecular  motion ;  it  is  still  doubtful 
whether  these  are  proper  and  especial  corpuscles,  or — and  this  is 
more  probable— detached  portions  of  the  other  co-existent  larger 
bodies. 

As  accidental,  yet  very  general  and  abundant  elements  of  the 
spermatic  fluid  must  be  reckoned  the  detached  epithelium  cells, 
which  we  must  be  careful  not  to  confound  with  the  proper  seminal 
granules.  Sometimes  considerable  shreds  of  epithelium,  with  the 
cells  tessellated,  are  observed. 

§  5.  The  SEMINAL  ANIMALCULES  or  SPERMATOZOA,  by  reasou 
of  their  singular  variety  of  forms,  their  vital  peculiarities  and  mode 
of  development,  are,  of  all  the  elements  of  the  spermatic  fluid, 
those  which  naturally  attract  the  attention  of  the  observer  first 


and  all  animals,  sometimeB  very  scantily  mingled,  at  other  times  in  great  quan- 
tities— a  fact  easily  verified,  by  examining  the  semen  of  birds  of  the  same 
species,  of  the  chaffinch,  ^Hfi^'i/a  cceiebs,  for  example,  at  different  times.  It  has 
very  certainly  appeared  to  me,  however,  that  in  regard  to  quantity,  the  granula 
seminis  stand  in  direct  proportion  to  the  energy  of  the  seminal  secretion ;  they 
are  thus  infinitely  more  abundant  in  birds  at  the  period  of  the  greatest  turge- 
scence  of  the  testis,  and  repletion  of  the  vas  deferens,  than  at  any  other  season. 
The  dimensions  of  these  granules  vary  considerably  in  the  same  animal.  The 
measurements  given  above  are  the  mean ;  but  granules  also  occur  commonly 
enough  of  the  300th,  the  lio^h,  more  rarely  of  the  ^Joth  of  a  line  in  diameter,  and 

down  to  3ioth  and  oio^^  ^^  ^  1"^®* 

'  The  bodies  mentioned  as  bearing  so  strong  a  resemblance  to  oil  or  fat- 
globules,  I  have  occasionally  met  with  in  the  fully  formed  spermatic  fluid  of  the 
vas  deferens  of  animals  of  every  class.  They  occur  more  rarely  in  man,  and  in 
him  much  more  sparingly  in  the  semen  of  the  vas  deferens  than  in  that  of  the 
tubuli  of  the  testis  itself.  The  globules  vary  in  their  dimensions,  but,  in  gene- 
ral, they  are  smaller,  less  definite  in  their  outtine,  never  granulated  or  punctuated 
on  their  stuface  (so  that  they  are  not  aggregates  of  any  finer  molecules),  and, 
with  a  Uttle  practice  in  the  use  of  the  microscope,  readily  to  be  distinguished 
from  the  granula  seminis.  Globules  of  the  kind  now  under  consideration,  and 
of  the  gj^gth  of  a  line  in  diameter,  I  have  repeatedly,  but  not  invariably  detected 
in  the  seminal  fluid  of  the  hedgehog,  for  example,  of  the  bat  and  other  animals. 
Now  and  then  these  very  minute  globules  were  observed  to  flit  rapidly  across  the 
field,  in  virtue  of  a  faculty  of  motion  apparently  inherent  in  themselves,  of  a 
power  certainly  not  referable  to  simple  molecular  motion.  Are  they  monads  ? 
ova  of  the  spermatozoa  ? 
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and  most  powerfully.  They  exist  in  the  semen  of  all  animals 
capable  of  procreation ' ;  in  plants^  also^  some  insist  upon  having 
discovered  elements  of  the  same  description*.    The  animalcules 

'  Men  and  animals  are  capable  of  procreating  only  at  or  within  certain  agen. 
In  these  latitudes  the  period  of  pubbbtt,  when  the  capacity  of  engendering  is 
first  developed,  arrives  generally  between  the  fifteenth  and  eighteenth  year  in  the 
male,  and  is  proclaimed  by  involuntary  nocturnal  discharges  of  the  spermatic 
fluid ;  in  the  female  the  age  of  puberty  is  usually  attained  between  the  thirteenth 
and  fifteenth  years ;  now  and  then  it  is  reached  as  early  as  the  twelfth  year,  and 
sometimes  even  sooner.  The  period  of  sexual  maturity  in  the  female  is  pro- 
claimed by  the  appearance  of  the  catamenia,  or  menses  (menstrvaium);  every  four 
weeks,  according  to  the  rule,  a  discharge  of  blood  takes  place  from  the  uterus ;  this 
discharge  lasts  for  several, — three,  fomv  or  five  days,  and  is  accompanied  by  the 
detachment  or  exfoliation  of  the  delicate  epithelium  of  the  mucous  surface  of  the 
uterus,  which  is  again  and  speedily  reproduced.  The  excreted  blood  is  little  dis- 
posed to  coagulate,  and  generally  of  a  dark  colour.  Among  animals  a  similar 
phenomenon  has  been  observed  only  in  monkeys  and  bats.  In  man  and  the  do- 
mestic animals,  birds  as  well  as  mammalia,  the  germ-preparing  sexual  organs  are 
usually  at  all  times  active,  and  reproduction  may  take  place  at  every  season ; 
among  wild  animals,  on  the  contrary,  the  reproductive  faculty  is  limited  to  a  cer- 
tain short  period  of  the  year ;  the  time  during  which  the  sexual  inclination  prevails 
among  animals  is  called  the  heat,  the  rut,  &c.  It  mosUy  occurs  early  in  the 
spring,  sometimes  in  the  autumn.  It  ia  during  this  period  only  that  the  testes 
and  sexual  organs  are  turgid,  and  that  seminal  animalcules  are  abundantiy  and 
regularly  produced.  In  the  human  female  the  capacity  of  reproducing  is  gene- 
rally lost  between  the  forty-fifth  and  fiftieth  years ;  in  the  male  the  reproductive 
energy  declines  only  as  he  advances  in  years;  healthy  men  seem  capable  of 
engendering  to  the  very  end  of  their  lives,  and  examples  are  not  wanting  of  men 
in  their  seventieth,  eightieth,  and  even  their  hundredth  year,  and  more,  becoming 
fathers.  Thomas  Parr,  in  his  hundred  and  forty-second  year,  showed  himself 
still  capable  of  fruitful  sexual  intercourse.  I  have  constantly  found  semina 
animalcules  in  the  fluid  of  the  testis  of  very  aged  men ;  it  is  only  among  weakly 
and  decrepid  individuals  that  the  procreative  faculty  is  really  lost. 

'  With  regard  to  the  so-styled  animalcules  of  the  pollen-fluid  of  plants,  opinions 
even  among  the  latest  and  best  observers  are  very  much  divided.  The  pollen  and 
the  pollen-capsule  contain  a  somewhat  tenacious  fluid,  in  which  minute  bodies  are 
suspended ;  this  matter  of  the  pollen-globule  has  been  regarded  as  the  vegetable 
seminal  fluid — Fatnlla  ;  Adolphe  Brongniart  compared  its  suspended  molecules  to 
the  seminal  animalcules,  and  even  observed  the  bendings  that  take  place  in  them  in 
the  Hibiscuses  and  CEnotheras  (vide  his  Rech.  swr  la  G4niratwn,  &c.  in  Ana,  des 
Se.  Nat.  XII.  p.  34. 1827)*  Similar  observations  have  been  made  by  Mr.  Brown, 
On  the  particles  contained  in  the  pollen  of  plants,  &c.  Lond.  1827»  and  mVermischte 
Sekriflen,  Bd.  IV.  S.  146).  Others,  again,  Hugo  Mohl,  &c.  have  denied  all 
change  of  form  in  these  molecules,  and  regard  them  as  mere  starch,  granules 
(rideMohl's  Beitrdge  zur  Anat, «.  Physiol  der  Gewdehse,  I.  S.  32).  Mohl  found  the 
smallest  granule  of  the  Fovilla  which  he  could  measure  to  be  the  jM-K  ai^d  the 
largest  the  Jgath  of  a  Paris  line  in  diameter.  Many  observers  reduce  all  appearances 
of  motion  in  these  granules  to  mere  molecular  movement.  Meyen,  on  the  other 
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must  be  examined^  as  obtained  from  the  epididymis^  or  vas  de- 
ferens, if  we  would  observe  them  possessed  of  their  most  perfect 
form,  size,  and  vital  endowments.  The  first  circumstance  that 
strikes  the  observer  in  regard  to  these  animalcules,  is  their  diver- 
sity of  form  in  the  different  classes,  genera,  and  species  of  animals. 
In  Man  (fig.  1,  a — rf),  they  are  extremely  small,  scarcely  sur- 

handy  maintains  that  the  seminal  animalcules  are  particularly  obyious  in  the 
(Enotheras ;  and,  again,  Schleiden  (in  Wiegmann's  Archiv,  1838,  S.  56)  pro- 
claims all  the  spermatozoa  of  plants  to  be  mere  starch-grains.  Fritsche,  in  his 
very  excellent  observations  on  Pollen  {Beob,  uber  dm  PoUen,  Petersburg,  1837), 
expresses  the  same  opinion.  The  elements  of  plants  that  bear  the  closest  resem- 
blance to  the  spermatozoa  of  animals,  are  those  granules  with  tails  which  are 
found  in  the  capsules  of  the  mosses,  and  which,  as  obtained  from  the  genus 
Sphagnum,  were  already  subjects  of  observation  among  the  older  inquirers. 
Unger  and  Wemeck  have  given  a  particular  account,  and  published  figures  of 
these  bodies,  and  regard  them  as  true  spermatozoa  {Regensb,  Botan.  Zeihaiff, 
1834,  S.  145).  Meyen  has  very  recently  described  minutely  the  caudate  sper- 
matozoa of  the  anthers  of  Marchtmtia  polymorpha  (Wiegem.  Archiv,  1838,  S. 
212).  Valentin  holds  the  bodies  in  the  Fo villa  of  vegetables  to  be  merely 
Brownian  molecules ;  he  has  not  observed  the  animalcules  of  Sphagnum  and 
Marchantia ;  the  grand  criterion  of  true  spermatozoa,  viz.  internal  organization 
and  development  in  cysts,  has  never  been  asserted  in  regard  to  the  so-styled 
spermatozoa  of  plants  (Valentin's  Repertorium,  1838,  S.  63  K  I  have  not  myself, 
I  regret  to  say,  had  any  opportunity  of  making  observations  on  Sphagnum, 
having  for  several  years  sought  in  vain  for  anthers  in  specimens  of  this  genus 
procured  from  the  most  opposite  habitats.  In  other  mosses,  however,  Ortho- 
trichtun,  Fumaria,  &c.  I  have  never  discovered  any  caudate  corpuscles,  and  the 
contents  of  the  anthers  appeared  to  me  to  be  affected  only  by  the  universal  mole- 
cular motions,  which  proceeded  amidst  tincture  of  iodine  as  before.    In  the 


Fig.  I. 


Fig.  I. — Spermatozoa  (magnified  from  nine 
hundred  to  one  thousand  diameters)  taken 
from  the  vas  deferens  of  a  man  shortly  after 
death ;  a,  spermatozoon  presenting  the  flat 
surface;  6, ditto,  viewed  in  profile, the  margin 
being  presented ;  c,  ditto,  presenting  the  cir- 
cular spot  on  the  surface,  which  some  sup- 
pose to  be  a  sucker ;  d,  a  spermatozoon  ex- 
hibiting a  process  frt>m  the  anterior  extremity 
of  its  body,  not  unlike  a  proboscis ;  e,  semi- 
nal granules. 
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passing  the  -^th,  and,  at  the  very  most,  the  -,i^th  of  a  line  in  length. 
The  little^  oval,  somewhat  flattened,  ahnond-shaped,  and  perfectly 
transparent  body,  seldom  exceeds  from  the  -y-J-o  ^^^  to  the  xo-o  th  of  a 
line  in  length ;  the  fiUform  tail  at  the  top  is  thickish,  and  so  strong, 
that  the  double  contours  are  plainly  visible;  but,  towards  the 
end,  it  becomes  so  fine,  that  it  cannot  be  followed  even  with  the 
highest  powers  to  the  point;  so  that  it  is  possible  the  delicate 
extremity  proceeds  farther  than  it  can  be  traced,  and  that  the 
animalcule  is  actually  longer  than  it  can  be  determined  to  be  by 
micrometic  admeasurement '.     In  the  Mammalia,  the  spermatozoa 

antben  of  Marchantia  polymorpha,  however,  besides  the  minute  black  globules, 
I  observed  several  green  corpuscles,  the  rapid  motions  of  which  seemed  to  indi- 
cate the  existence  of  a  tail ;  this  was  also  made  completely  manifest  by  the  addi- 
tion of  tincture  of  iodine,  which  arrested  the  motions.  These  green  corpuscles 
are  decidedly  smaller  than  human  spermatozoa.  I  have  not  observed  with 
equal  precision  the  pecuhar  larger,  elongated,  yellowish,  transparent  corpuscles 
of  the  Fovilla  of  CEnothera  biennis  and  other  species ;  the  motions  of  these, 
however,  I  may  say,  appear  to  me  to  be  of  a  voluntary  or  spontaneous  kind. 
The  length  of  these  corpuscles  varied  between  the  ^th  and  the  J^ih  of  a  line ; 
in  tincture  of  iodine  they  became  quiescent  and  opaque,  and  resembled  aniseeds 
in  shape ;  the  motions  of  the  smaller  molecules  continued  after  the  addition  of 
the  iodine.  (See  farther  on  this  subject  the  observations  under  annotation  69, 
to  §  22.)  On  the  older  researches  of  Brongniart  and  others,  see  the  Summary 
in  Von  Roeper's  translation  of  De  CtaidoiWsPhysioloffie  Vegetale, — diePJUmzen^ 
pkjfsiologie,  &c.  Bd.  II.  S.  103.  Meyen  proposes  to  treat  the  entire  subject  in 
the  third  volume  of  his  PfUmzen-physiologie. 

'  Dujardin  (^Anm.  des  Sdencet  Nat,  VIIL  p.  293,  and  pi.  9«  1837)  describes 
and  figures  certain  irregular  knots  and  lobular  enlargements  at  the  root  of  the 
tail  of  human  spermatozoa.  These  appearances  I  have  myself  observed,  but  they 
only  occur  as  effects  of  certain  alterations  undergone  by  the  animalcules,  in  con- 
sequence, for  example,  of  their  long  stay  in  urine,  especially  when  this  fluid 
contained  at  the  same  time  a  quantity  of  puriform  sediment.  I  have  always 
found  the  size  of  the  bodies  of  the  spermatozoa  to  be  very  nearly  the  same  in  the 
same  individuaL  But  on  the  other  hand  I  have  noted  them  of  such  dissimilar 
magnitudes  in  different  individuals,  that  I  was  led  to  regard  this  as  more  than 
accidental,  and  as  a  consequence  of  changes  undergone  either  from  the  different 
periods  that  had  elapsed  since  the  death  of  the  individual,  or  from  the  influence 
of  the  fluids,  the  urine  for  instance,  with  which  they  had  been  in  contact.  I  there- 
fore instituted  a  series  of  inquiries  on  the  bodies  of  suicides,  in  as  fresh  a  state  as 
possible,  and  mostly  of  strong  men.  In  one  man  of  twenty  years  of  age,  and  in 
another  of  fifty  (both  of  whom  had  put  an  end  to  their  lives  by  hanging),  I  found 
the  bodies  of  the  seminal  animalcules  exceedingly  small  and  roundish,  the  gggth 
of  a  line  and  under  in  length ;  in  a  third  individual,  in  his  fortieth  year,  who  had 
also  hanged  himself,  J,  on  the  contrary,  observed  the  animalcules  all  of  very  large 
size,  the  bodies  being  about  the  ^ih  of  a  line  in  length.  The  whole  of  them 
were  very  nearly  of  the  same  size,  and  greatly  resembled  one  another.  Farther 
observations  on  this  point  would  be  interesting.    Occasionally  the  seminal  animal- 


10 


GENERATION. 


present  very  similar  forms  (fig.  III.  1 — ^9) ;  but  they  are  gene- 
rally larger  than  in  man^  and  this  more  especially  among  the 
smallest  animals:  in  the  genus  Mus  they  are  perhaps  larger 
than  in  any  other  family;  in  the  rat^  for  example  (fig.  III.  7.)y 
they  are  of  the  -rV^b  of  a  line^  and  perhaps  more,  in  length; 
the  body  measures  firom  the  -rto  ^^  ^  ^be  ^-5-0*^  ^^  *  ^^  5  *^^ 
tail  is  here  thick  and  strong,  and  easily  traced  to  its  extremity. 
The  forms  of  the  body,  or  anterior  thicker  end  of  the  sperma- 
tozoa, are  manifold:  in  apes  (fig.  III.  1)  these  animalcules 
resemble  those  of  the  human  subject;  they  are  only  somewhat 
larger:  in  the  mole  (fig.  III.  8)  they  are  longer;  they  are  more 
pyriform,  but  also  greatly  flattened  and  very  various,  both  in  figure 
and  size,  in  the  dog  (fig.  III.  4),  in  the  rabbit  (fig.  III.  5),  in  the 
roebuck  (fig.  III.  9),  and  still  more  in  the  genus  Mus : — ^in  the  rat 
(fig.  III.  7)  the  body  posteriorly  is  sickle-shaped,  arched,  and  ex- 
tremely compressed,  but  long;  the  tail  springs  more  from  the 
upper  and  back  part  of  the  body ;  a  great  general  resemblance  to 
this  last  form  is  apparent  in  the  spermatozoon  of  the  common 
mouse  (fig.  III.  6),  only  the  body  is  shorter;  the  point  above, 
merely  indicated  and  scarcely  bent,  resembles,  when  viewed  from 
the  side,  a  round-edged  scalpel  {a) ;  the  body  is  deepened  pos- 
teriorly where  the  root  of  the  tail  is  set  on  (A) ;  these  particulars  are 
still  more  strongly  seen  in  the  field-mouse  (fig.  III.  8,  i),  the  body 

cules  exhibit  a  yellowish,  even  an  amber,  tint.  Perhaps  this  is  a  mere  effect  of 
refraction.  As  a  remarkable  departure  from  the  normal  form,  I  have  upon  two 
occasions  observed  the  caudal  end  of  the  body  double,  bifid,  or  forked ;  I  do  not 
imagine  that  I  was  deceived  in  these  cases.  Once,  too,  the  body  appeared  to  be 
double,  as  in  a  bicephalous  monster;  it  was  attached  to  the  bifid  or  forked  root 
of  the  tail,  and  grew  together  or  was  connected  along  the  middle  line ;  this  ob- 
servation, however,  was  not  so  complete  as  to  leave  me  free  from  doubts  as  to  its 
absolute  accuracy. 

F16.  II. 


Fig.  II. — Semen  from  the  testicle  of  a  man 
magnified  from  nine  hundred  to  one  thou- 
sand times : — a,  a  large  roundish  corpuscule ; 
6,  globule  of  evolution,  a  cyst  which  encloses 
three  roundish  granular  bodies ;  c,  a  bundle 
of  seminal  animalcules,  as  they  are  grouped 
together  in  the  testicle. 
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is  therefore  still  more  obtuse^  superiorly  and  posteriorly,  when  seen 
from  the  side  *^ 

^  The  Btndy  of  the  varieties  of  form  presented  by  the  seminal  animalcnles  ought 
not  to  be  held  as  any  trifling  matter,  or  as  tending  to  accumulate  superfluous  de- 
tails; most  important  physiological  conclusions  may  be  based  on  the  information 
thus  acqmred.  Whether  or  not  the  varieties  in  point  of  size,  and  the  more  deli- 
cate shades  of  difference  in  regard  to  form,  which  are  exhibited  in  the  figures,  are 
all  constant,  is  a  point  still  to  be  determined.  In  different  individuids  of  the 
same  species,  the  mole  for  example,  we  frequently  observe  varieties  in  the  relative 

Fio.  III. 
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Fig.  III. — Spermatozoa  frY>m  the  vasa  deferentia  of  various  animals,  magni- 
fied from  nine  hundred  to  one  thousand  diameters : — a,  viewed  on  the  flat  side ;  b, 
on  the  edge.  1,  Spermatozoon  of  Cerctqntkecus  ruber  j  2,  of  Rkmoiopkusferrum 
tqumum,  the  greater  horse-shoe  Bat  (at  6,  and  more  distinctiy  at  c,  the  process 
from  the  body  is  seen);  3,  of  the  Mole  {Talpa  Europaa) ;  4,  of  the  Pomeranian 
^^gi  5,  of  the  Rabbit  (Lepus  cunicuhui) ;  6,  of  the  Mouse  {Mns  muscvhui),  b, 
riewed  on  the  posterior  surface,  showing  the  root  of  the  tail  extending  a  little 
higher  up ;  7,  of  the  Rat  (Mus  raiius) ;  8,  of  the  Field  Mouse  {Hyperdam 
arooiif);  9,  of  the  Roebuck  {Cermu  capreolus). 
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Among  Birds  two  principal  varieties  are  observed  in  the  form  of 
the  spermatozoa :  they  have  either  a  long  slender  body,  perfectly 
cylindrical  as  it  seems,  with  a  tail  extremely  thin,  filiform,  and 
arising  at  once,  not  tapering  off  from  the  body,  and  once  or  twice  as 
long  again  as  this  part ;  this  appears  to  be  the  type  in  the  Rapaces, 
Scansores,  paUinse,  Grallae,  and  Palmipedes;  or  the  cylindrical 
body  is  poiinted  anteriorly,  and  then  makes  several,  generally  from 
three  to  four,  spiral  turns,  so  that  it  resembles  a  corkscrew,  and 
then  tapers  off  gradually  into  a  long  straight  tail,  that  grows  smaller 
as  it  approaches  its  end.  This  is  the  type  in  the  Passeres  (fig.  IV.  a, 
r,  dyfy  g).  The  number  of  spiral  turns,  and  the  angle  at  which  they 
proceed,  are  different  in  the  different  families  and  genera.  The  tail 
is  of  very  dissimilar  length  and  thickness.  If  the  spiral  be  much 
drawn  out  and  more  sinuous  in  its  appearance,  the  turns  pass 
into  each  other  under  blunter  angles,  as  in  the  Thrushes  for 
example  (fig.  IV./.) ;  in  the  Shrikes  (Laniadse),  again,  the  spiral 
is  greatly  contracted,  and  the  turns  appear  almost  acutely  angular 
(g) ;  the  tail  is  here  short  and  delicate,  so  that  the  whole  animalcule 
measures  but  firom  the  fiftieth  to  the  sixtieth  of  a  line  in  length ; 
whilst  in  the  Finches  (Fringillidae)  they  are  much  larger  and 
stronger ;  in  the  Chaffinch,  for  instance  (Fringilla  coelebs,  fig.  IV. 
a),  they  are  the  sixth  of  a  line  in  length,  the  tail  is  very  strong  and 
rigid,  and  here,  as  among  the  Passeres  generally,  is  never  observed 
to  move  in  the  motions  of  the  animalcule. 

In  the  scaly  families  of  the  Amphibia,  the  lizards  and  serpents, 
the  spermatozoa  have  for  the  most  part  an  elongated  body,  and  a 
delicate,  filiform  tail,  like  those  of  birds  in  general  (e.  g.  the  common 

dimensions  of  the  body  of  the  spermatozoa ;  but  this  depends  in  part,  at  least, 
on  the  degree  of  dilution  of  tiie  semen,  on  its  freshness,  on  Uie  degree  of 
liveliness  or  power  of  motion,  &c.  &c.  exhibited  by  these  animalcules.  The 
descriptions  here  given,  and  the  forms  presented,  are  all  from  spermatozoa 
in  the  most  recent  state  possible.  In  beginning  the  study  of  the  spermatozoa 
without  assistance,  I  would  particularly  recommend  the  rodent  tribes  as  the 
proper  subjects,  by  reason  of  the  magnitude  and  the  decisive  forms  peculiar  to 
their  seminal  animalcules.  Let  any  one,  for  example,  compare  the  seminal 
fluid  of  the  mouse  and  rat,  and  he  will  immediately  find  that  the  spermatozoa 
of  these  two  so  closely  allied  animals  present  t3rpical  similarities  not  to  be 
mistaken  in  the  important  matters  of  size,  form  of  body,  &c.  &c.  at  tbe  same 
time  that  they  still  exhibit  specific  differences  adequate  to  distinguish  them  in 
every  case  from  one  another,  and  when  they  are  contrasted.  Other  rodent  ani- 
mals, the  squirrel,  to  cite  a  single  case,  have  very  peculiar  and  large  spermatozoa, 
the  margins  of  the  body  being  turned  up  in  some  sort  like  the  brim  of  a  hat,  &c. 
&c.  Large  animals,  the  horse,  the  ox,  &c.  have  smaller  and  less  specifically  and 
obviously  diversified  spermatozoa,  so  that  it  is  uot  so  well  to  begin  with  these 
animals  in  analyzing  the  seminal  fluid. 
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fowl^  fig.  IV.  f).     Those  of  the  Frogs  (Ranidse)  are  of  the  same 
description ;  but  among  the  other  Batraehia,  the  greatest  diversity 


Fio.  IV. 
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Fig.  IV.  —  SpermatosoR 
from  the  vasa  deferentia  of 
seyeral  birds,  magnified 
from  nine  hundred  to  one 
thousand  diameters: — a,  of 
FyingiUa  eaUhs :  b,  a  per- 
fectly formed  cyst  from  the 
testicle  of  the  same  bird, 
containing  a  bundle  of  the 
spermatic  animalcules;  c, 
of  FrimgiUa  eanaria  :  d,  of 
F)rmffiila  cardueKt;  e,  im- 
perfect spermatozoa  from 
the  testicle  of  a  hybrid  be- 
ween  a  male  FHnffiUa  ear' 
dueUs,  and  a  female  FHn- 
ffiUa  canaria;  f,  of  TW-cIm 
menUa  s  g,  of  Lanttif  nfi- 
eus;  h,  of  Pieiu  viridig ;  i, 
of  OaUug  domestieus. 
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of  form  prevails ;  those  of  the  land  and  water  Salamanders  (Tri- 
tonidae)  may  be  cited  as  the  most  remarkable  in  this  respect  ^\  In 
this  family  the  spermatozoa  have  a  long  body  that  tapers  to  a 
point  anteriorly^  and  ends  in  a  small  tuber  or  button^  from  which 
issues  a  tail  that  becomes  more  slender  as  it  proceeds,  and  of  which 
the  extremity  is  turned  back,  and  is  wound  spirally  several  times 
about  the  whole  body. 

The  spermatozoa  of  the  Rays  and  Sharks  among  Cartilagi- 
nous Fishes,  appear  to  be  long  and  filiform ;  among  bony  fishes, 
again,  their  bodies  are  globular,  sometimes  provided  with  a  pro- 
jecting part  or  process,  to  which  is  attached  a  tail  of  considerable 
length,  but  so  excessively  delicate,  that  it  is  always  discovered  with 
difficulty. 

The  spermatozoa  of  the  Invertebrata  generally  are  elongated  in 
their  shape,  hair-like,  and  extremely  delicate;  this  is  the  case  with 
the  majority  of  insects.  They  have  the  same  general  characters, 
but  are  thicker  and  singularly  long  in  the  MoUusca;  some  of  them 
are  as  much  as  half  a  line  in  length,  and  occasionally  presenting  a 
thicker  and  better  developed  extremity,  which  in  certain  cases,  in 
the  Mussel  for  instance,  even  assumes  an  oval  form,  they  bear  a 
very  considerable  resemblance  to  the  spermatozoa  of  the  Mam- 
malia "• 

"  The  spermatozoa  of  singing  birds  form  on  these  accounts  very  excellent 
subjects  for  initiatory  observation.  Specimens  of  singing  birds  of  different 
genera  and  species  are  easily  procured,  too,  for  contrast,  and  I  have  therefore 
kept  them  particularly  in  view,  both  in  the  present  and  the  next  paragraph  (§ 
6).  The  vas  deferens,  divided  in  the  vicinity  of  the  cloaca,  supplies  us  with  the 
seminal  fluid  in  abundance.  How  far  the  constant  diversities  of  form  in  the  spiral, 
and  of  size  obtain,  and  how  these  bear  relation  to  particular  families  of  sing- 
ing  birds,  and  again,  to  particular  species  of  them,  requires  to  be  made  the  sub- 
ject of  farther  inquiry ;  the  varieties  indicated  in  reference  to  the  shrike  and  finch, 
perhaps  also  to  the  thrush  kinds,  I  am  inclined  to  regard  as  family  characters. 
It  is  remarkable,  that  all  the  birds  without  the  singing  muscular  apparatus, 
which  I  have  examined,  which  were  formerly  arranged  in  one  order  along  with 
the  true  Passeres,  and  first  detached  from  these  by  Nitszch — to  wit,  the  genera 
Coracias,  Caprimulgus,  Alcedo,  have  not,  any  more  than  the  Cuculidse,  Picidae, 
and  others  of  the  Scansores  order,  the  corkscrew-form  of  spermatozoa,  whilst 
the  Corvidse,  or  crow-kinds,  present  precisely  the  same  peculiarity  in  the  con- 
stitution of  their  seminal  animalcules  as  the  true  singing  birds.  Among  the 
naked  Amphibia,  besides  the  land  and  water  salamanders,  the  spermatozoa  of 
which  are  very  similar,  yet  different,  the  genera  Bombinator  and  Pelobates  have 
very  peculiar  seminal  animalcules. 

"  The  spermatozoa  of  the  Invertebrata,  however  interesting  they  may  be  under 
other  points  of  view,  can  only  be  briefly  alluded  to  here,  the  investigation  of  the 
varieties  of  form,  &c.  described  as  occurring  among  mammalia  and  birds  being 
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§  6.  A  question  of  the  greatest  moment  presents  itself  here^ 
which^  were  it  answered  definitivelyj  would  leave  no  jfarther  doubt 
in  r^ard  to  the  animal  nature  of  the  spermatozoa*  It  is  this :  Do 
the  spermatozoa  possess  an  internal  organization,  like  the  Entozoa 
and  Infusoria?  for  the  care  and  patience  of  experienced  observers, 
aided  by  the  excellence  of  our  modem  instruments,  have  demon- 
strated, even  in  the  smallest,  and  apparently  simplest  forms  of  the 
Infusoria,  organs  performing  especial  offices,  in  particular  a  compli- 
cated digestive  apparatus.  Opinions  are  greatly  divided  in  regard  to 
the  way  in  which  the  question  proposed  must  be  answered.  The 
spermatozoa  were  formerly  referred  to  the  Cercariae,  being  named 
CercixruB  SemifdSj  and  some  most  careful  observers  of  the  pre- 
sent day  defend  the  propriety  of  this  disposition  '*•  Some  have 
thought,  that  in  the  middle  of  the  flat  bodies  of  the  spermatozoa, 
even  of  the  human  subject,  they  could  discover  a  sugient  orifice, 
similar  to  that  which  exists  in  the  Cercarise  and  Distomata  ^* ;  others 
will  have  it,  that  they  can  make  out  ventricular  sacs,  as  in  the 
polygastric  Infusoria  ^* ;  and  in  direct  opposition  to  all  of  these, 
there  are  others,  who,  with  the  highest  magnifying  powers,  and 
the  most  anxious  observation,  have  failed  to  perceive,  with  any 
thing  like  certainty,  traces  of  internal  organs  in  the  transparent 

sufficient  to  serve  as  grounds  for  the  physiological  conclusions  immediately  to 
be  drawn,  so  that  any  farther  detail  seems  unnecessary,  and  only  likely  to  lead 
to  confusion.  Siebold  has  paid  particular  attention  to  the  spermatozoa  of 
insects,  and  described  them  minutely  in  the  place  already  referred  to.  For  an 
account  of  numerous  other  differences  observable  in  the  spermatozoa  of  various 
animals,  I  beg  to  refer  to  my  Amfsdige  und  Abhandbmgm,  tm  Denkschriften  der 
Mimehner  Akademief  and  in  Wiegmann's  ArcJdv,  Jahrg.  1836,  1837,  1838.  I 
shall  give  a  full  account  of  all  the  known  spermatozoa  in  the  article  Sbmbn,  in 
Todd's  Cyclcjuedia  ofAnattmif  and  Pkynolagy, 

"  That  the  manifold  forms  of  spermatozoa,  which  I  have  shown  to  occur  in 
the  seminal  fluid  of  a  great  number  of  animals,  must  be  viewed  in  the  light  of  so 
many  different  species,  in  case  their  animal  nature  is  ever  demonstrated,  cannot 
be  doubted ;  so  that  the  expression  Cercaria  Stminit  is  only  a  collective  title. — 
Vide  Wiegmann's  Handbueh  der  Zoologies  S.  584.  Ehrenberg  has  also  lately 
referred  the  seminal  animalcules  to  the  haustellate  Entozoa. — Vide  his  recent 
great  work.  Die  If^usionsthierchen,  Sfc.  fol.  Leipz.  1838. 

1^  Henle  and  Schwann  recognise  a  middle  sugient  depression  in  human  sper- 
matozoa ;  it  is  undoubtedly  the  spot  or  macula  described  in  the  text  to  which 
they  refer.  Wiegmann,  however,  informs  us,  {Arekiv,  Bd.  II.  S.  134, 1837), 
that  Henle  has  now  abandoned  this  idea. 

"  Valentin  speaks  in  various  places  of  the  polygastric  structure  of  the  sperma- 
tozoa, and  says  lately  (Repertarnm,  1837»  S.  134),  that  "  the  clear  spermatozoa 
of  the  bear,  which  in  external  form  approach  those  of  the  rabbit,  present  distinct 
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bodies  of  the  spermatozoa  *'•  The  excessively  delicate  or  criniform 
spermatozoa  of  the  invertebrate  classes,  resemble  crystalline 
threads,  without  any  kind  of  visible  structure ;  neither  in,  nor  on 
these,  is  there  a  trace  of  cellular,  granular,  or  fibrous  tissue  to  be 
detected.  Those  spermatozoa,  however,  which  have  a  thicker  or 
broader  body — a  part  different  from  that  which  is  filiform,  do 
exhibit  in  this  part  the  appearance  of  a  fine  granular  tissue,  which, 
under  the  highest  magnifying  powers  that  have  yet  been  attained, 
cannot  be  decompounded  into  cells  or  other  elements.  Here,  too, 
in  the  middle  of  the  flat  surface  of  the  animalcule,  a  minute  speck 
or  spot,  which  often  presents  itself  in  the  guise  of  a  ring  or 
a  semicircle,  is  occasionally  observed.  This  is  the  spot  which  has 
been  pointed  out  by  some  as  the  suctory  or  absorbing  orifice. 
This  spot  is  represented  in  the  seminal  animalcule  of  the  human 
subject  in  fig.  I.  c,  c,  (p.  8),  and  in  that  of  the  dog  in  fig.  Ill, 

4,  a.  (p.  11).  Now  and  then,  also,  but  by  no  means  constantly,  a 
small  prominence  or  trunk-like  process  is  observed  on  the  anterior 
part  of  the  body  of  the  human  spermatozoon  (fig.  I.  d,  p.  8) ;  this, 
or  a  corresponding  part,  is  more  obviously,  and  much  more  regu- 
larly present  in  the  seminal  animalcule  of  the  bat,  in  which  it 

traces  of  internal  organization,  to  wit,  an  interior  and  posterior  haiuteUate  mouth, 
and  internal  cavities  or  convolutions  of  an  intestine.'' 

^*  The  most  varied,  repeated,  and  long-continaed  examination  has  not  enabled 
me  at  any  time  to  discover  true  internal  organs  in  the  spermatosoa ;  and  one  of 
the  most  laborious  and  accurate  observers  of  these  animalcules,  as  well  as  most 
learned  investigators  of  die  more  delicate  structure  of  the  entozoa.  Dr.  S.  Siebold, 
coincides  entirely  in  my  views.  (Siebold,  in  Wiegmann's  Archw^   f.  1838,  I. 

5.  303.)  All  that  I  have  ever  been  able  to  make  out  is  comprised  in  die  state- 
ments in  the  text.  Vide  farther  my  remarks  on  the  suspected  oi^gans  of  the 
spermatozoa,  in  my  Fragmente  zwr  Ph^noHogie  der  ZeuguHg,  S.  406.  The 
darker- coloured  macula  bearing  some  resemblance  to  a  haustellate  orifice,  I  have 
now  and  then  perceived  in  other  spermatozoa,  in  those  of  the  rabbit  for  example. 
The  apparent  spine  implanted  anteriorly  on  the  body  of  the  spermatozoon  of 
Rkinoiopkus  is  by  no  means  constant,  and  is  never  so  distinctly  seen,  but  that 
doubts  of  its  import  mingle  with  our  observations  of  its  existence ;  if  it  be 
an  actual  styliform  process,  the  structure  recalls  that  peculiarity  which  was 
first  described  by  me  in  the  cercaria  armata.  (Vide  lats^  Jahrg.  1834,  S.  131 ; 
and  farther,  Siebold,  in  Burdach's  Pkynologie,  Bd.  II.  S.  192.  2te.  Aufl.)  I 
would  here  observe  generally,  that  the  nomenclature  adopted  m  regard  to  the  sper- 
matozoa, such  as  body,  head,  tail,  &c.  is  merely  provisional,  and  will  be  either 
confirmed  in  its  propriety,  or  rejected  when  farther  progress  is  made  in  our 
knowledge  of  the  minute  anatomy  of  these  corpuscules, — when  the  true  import  of 
the  several  parts  that  enter  into  their  constitution  shall  have  been  discovered.  It  is 
not  impossible  but  that,  as  in  the  case  of  the  trichocephalus,  the  thinner  filiform 
extremity  which  we  at  present  entitle  tail,  may  be  found  to  be  the  head,  &c.  &c. 
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occurs  as  a  pointed  spine  (fig.  IIL  2.  b  c,  p.  11).  Finally,  the  con- 
jectural spermatozoa  of  the  actinae,  exhibit  evidence  of  a  com- 
pound structure,  but  which  is  also  capable  of  being  interpreted  in 
another  way  ".  On  reviewing  all  that  has  just  been  said,  it  is  plain 
that  at  the  present  time  no  decisive  answer  can  be  given  to  the 
question  regarding  the  animal  organization  of  the  spermatozoa. 
All  that  is  yet  known,  or  has  been  presumed  upon  the  matter,  re- 
duces itseir  to  this :  that  certain  indistinct  traces  of  organization 
have  been  discovered,  but  that  these  are  by  no  means  sufficient  to 
be  made  the  grounds  of  any  positive  conclusions. 

§  7.  In  what  light  are  we  to  view  the  motions  of  the  sperma- 
tozoa, and  how  are  they  effected  ?     Have  they  any  character  of  voli- 
tion, and  can  any  inference  be  drawn  from  their  undoubted  occur- 
rence favourable  to  the  idea  of  the  independent  animal  nature  of  these 
bodies?     These  questions  deserve  the  most  careful  consideration. 
To  observe  and  compare  the  phenomena  that  accompany  the  mo- 
tions of  the  spermatozoa,  they  must  be  studied  under  a  variety  of  cir- 
cumstances.    When  a  drop  of  thick  semen  from  the  vas  deferens, 
properly  spread  upon  a  piece  of  glass,  is  brought  under  the  micro- 
scope, it  frequently  happens,  even  when  the  semen  employed  pos- 
sesses  considerable   vitality,  that  nothing  more  than,  a  general 
sluggish  intestine  movement  is  visible  amid  the  crowded  masses  or 
heaps  of  spermatozoa.    The  appearance  is  as  if  they  strove  to  dis- 
entangle themselves  from  one  another  in  the  tenacious  fluid.     If  a 
little  serum  of  the  blood  be  now  added  to  the  drop  of  semen,  the 
motions  speedily  become  more  lively;  sometimes  this  happens  sud- 
denly, sometimes  more  gradually.     Individual  animalcules  shake 
themselves  once  or  twice,  turn  on  their  axis,  strike  with  the  tail,  toss 
the  head  extremity  once  or  oflener,  and  begin  to  make  their  way 
in  all  directions  across  the  field ;  the  motion  extends  to  continually 
increasing  numbers  of  other  animalcules  in  succession ;  here  and 
there  every  one  of  a  cluster  seems  to  arouse  itself  simultaneously ; 
or  otherwise,  only  a  few  that  lie  near  each  other  in  the  mass  put 

^  On  the  spermatozoa  of  the  actmisB,  see  my  memoir  in  Wiegmann's  Archw, 
f.  1835,  Bd.  II.  S.  215.  I  formerly  believed  that  I  had  found  spermatozoa 
having  very  peculiar  characters  in  those  organs  of  the  actiniae  which  are  gene- 
rally regarded  as  testicles :  elongated,  yet  thick  bodies,  which  suddenly  throw 
out  a  filiform  very  long  tail,  which  appeared  to  have  been  inclosed  spirally  within 
the  body.  Analogy  and  farther  study  lead  me  to  doubt  of  the  accuracy  of  the 
opiniona  I  then  formed.  May  not  the  oval  bodies  in  question  be  capsules  or 
cysts,  in  which  the  true  spermatozoa,  extremely  elongated  and  filiform,  are  deve- 
loped, and  out  of  which  they  make  their  exit  in  the  form  of  tails  ?  This  view  I 
am  at  present  inchned  to  think  maintainable. 
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themselves  in   motion,  whilst  the  rest  seem  to  lie  passive,  and 
sometimes  will  continue  so  through  the  whole  course  of  the  obser- 
vation, though  frequently,  too,  they  begin  at  length  to  stir  in  a 
greater  or  less  degree,  like  those  that  first  awoke.     The  motion  in 
the  globule  of  semen,  thus  attenuated  with  serum^  appears  through- 
out to  have  the  character  of  regularity,  certainly  not  of  anything 
violent  or  forced ;  it  is  modified  according  to  the  form  and  dimen- 
sions of  the  spermatozoa;   is  the  motion  rapid,  then  the  sper- 
matozoa, as  in   the  greater   number  of  mammalia,  bony  fishes^ 
acephala,  &c.,  exhibit  a  pendulum-like  rhythmical  movement,  the 
criniform  tail  vibrates  vigorously  like  a  whip,  and  the  little  body 
or  head  obeys  the  impulse  thus  communicated  to  it.     When  the 
motion  is  slower,  a  kind  of  serpentine  or  sinuous  vibration  of  the 
tail  in  all  directions  is  apparent.    The  rigid,  straight,  outstretched 
spermatozoa  of  the  passeres,  with  spiral  bodies,  very  commonly 
spin  themselves  round  on  their  axis,  and  so  advance  in  the  manner 
of  a  piercer  or  screw ;  then  they  rest,  and  again  they  strike  to  the 
side,  and  advance  in  different  directions,  with  a  wavering  and 
unsteady  motion.     The  spermatozoa,  with  elongated  cylindrical 
bodies  and  slender  tails,  like  those  of  the  other  families  of  birds, 
of  frogs,   &c.,  scull  themselves  forward  with  their  tails,  either 
striking  them  slowly,  and  with  wide  sinuosities,  or  more  quickly 
and  shortly,  as  when  a  whip  is  shaken;  they  thus  advance  in 
circles  with  a  quivering  motion,  holding  the  body  extended  in 
a  straight  line,  though  they  also  now  and  then  bend  this  in  various 
directions  from  side  to  side.    The  spermatozoa  of  the  salamanders 
and  tritons  commonly  lie  coiled  up  in  a  circle  like  a  watch-spring ; 
then  there  arises  a  jerking  tremulous  movement,  in  which  they 
seem  to  spin  round  in  a  circle  upon  one  point  as  a  pivot ;  along 
with  this  there  is  a  lively,  glistering,  and  wavy  motion,  that  recalls 
those  movements  of  the  mucous  surfaces  which  are  produced  by 
cilia,  but  which,  on  attentive  examination,  are  here  seen  to  depend 
on  a  rapid  rotatory  or  spinning  movement  of  the  very  delicate  tail 
woimd  spirally  about  the  body.     Some  of  these  spermatozoa  too  are 
occasionally  seen  to  stretch  themselves  out,  and  to  cross  the  fidd 
of  the  microscope  with  slow  serpentine  motions ".    The  various 

'^  At  an  earlier  period  of  my  investigations  I  believed  that  the  glistering;  unsteady 
motions  of  the  spermatozoa  of  the  salamanders  were  the  effect  of  a  ciliary  appa- 
ratus, and  even  dilated  on  this  as  a  means  of  locomotion  in  my  F^gmaUe^ 
already  quoted,  (p.  394,  tab.  II.  fig.  XVII.  k.  XVIII.)  Siebold  was  the  first  who 
correctly  referred  to  the  spiral  disposition  of  the  tail  around  the  body  as  the 
cause  of  the  phenomenon,  (V.  Froriep*s  Neue  Notieen,  Bd.  II.  S.  2B1,  No.  40.) 
I  have  very  lately  fully  satisfied  myself  of  the  accuracy  of  this  view. 
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motions  of  the  spermatozoa  now  collectively  described  may  be 
taken  as  the  normal  movements  of  these  animalcules  deduced 
from  numerous  particular  observations;  they  strikingly  impress 
the  mind  of  the  observer  from  first  to  last  with  the  idea  of  spon- 
taneity or  volition ;  we  cannot^  certainly,  refer  them  either  to  the 
motions  entitled  molecular,  or  to  those  that  are  ciliary  in  their 
origin ;  neither  are  they  the  effects  of  actions  produced  by  hygro- 
scopic or  any  other  simply  physical  influence  **.  They  agree  in 
every  thing  with  the  motions  immediately  to  be  described,  which 
take  place  in  the  spermatozoa  of  the  seminal  fluid  that  has  been 
mixed  with  other  secretions  in  the  act  of  ejaculation. 

§  8.  The  spermatozoa  of  the  semen  which  has  undeigone  natural 
dilution  by  admixture  with  mucus,  the  fluid  of  the  prostate,  &c. 
(and  which  may  be  procured  for  examination  from  anifnals  that 
have  just  copulated,)  exhibit  motions  similar  to  those  described  in 
the  preceding  section,  with  this  difference,  that  here  they  are 
quicker  and  more  powerful ;  the  animalcules  of  a  globule  of  this 
semen  swim  very  rapidly,  with  a  vibratory  and  tremulous  motion 
across  the  field.  Hours,  and  even  days  afler  the  sexual  act,  they 
may  be  discovered  still  possessed  of  the  same  activity  amidst  the 

'*T1ie  various  rery  remarkable  movements  here  described  must  be  particularly 
studied  by  the  young  phynologist,  that  he  may  be  enabled  to  distinguish  them, 
and  be  placed  beyond  the  risk  of  being  deceived.  The  purely  mechanical  mo- 
tions that  occur  in  the  corpuscules  of  different  kinds  suspended  in  fluids,  when 
placed  upon  the  stage  of  the  microscope,  in  consequence  of  the  instrument  not 
standing  perfectly  level,  of  the  unequal  pressure  of  the  plate  of  glass  or  mica 
which  covers  the  globule  of  fluid  examined,  or  of  the  presence  of  air-bubbles,  &c. 
&C.  will  soon  be  distinguished  by  beginners.  The  peculiar  molecular  motion 
first  accurately  described  by  Mr.  Robert  Brown,  (A  britf  Account  qfMicrascopical 
Oluervaiions  on  the  Particka  m  the  PoUenof  Plants,  and  on  the  general  Emstence 
of  active  Moleeuleein  organic  and  morgamc  Bodies,  Svo,  Lond.  1827»)  is  observed 
in  a  vast  variety  of  substances  when  finely  pulverized.  The  black  pigment  of 
the  choroid  coat  of  the  eye  affords  perhaps  the  best  of  all  subjects  for  its  study. 
A  little  of  this  pigment  from  the  eye  of  an  ox  exhibits  the  dancing  motions,  the 
attractions  and  repulsions  of  tiie  finest  particles  that  characterize  the  phenomenon 
in  great  perfection.  The  true  cause  of  this  movement  appears  to  be  purely 
phyncal,  but  it  has  not  yet  been  quite  satisfactorily  explained.  On  the  incessant 
currents  that  occur  in  fluids,  see  the  observations  of  Mohl,  in  his  Pkgsiologie  der 
Gewachae,  Heft  I.  S.  31  (1834).  The  ciliary  motions,  of  which  particular  men- 
tion will  be  made  by-and-by,  are  the  effect  of  small  vibrating  cilia  or  hairs,  free 
towards  their  points,  and  attached  to  tegumentary  surfaces  by  their  bases.  The 
phenomena  of  ciliary  motion  are  conveniently  studied  on  a  piece  of  tiie  gill  or 
mantle  of  the  common  fr^h  water  mussel — (Vide  Dr.  Sharpey's  excellent 
article  Cilia,  in  Todd's  Cychpttdia  qf  Anatomy  and  Physiology,  in  which  the 
whole  of  the  facts  connected  with  this  curious  subject  are  exposed.) 

c  2 
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mucus  of  the  vagina  and  uterus.  Common  mucus  and  saliva 
have  no  hurtful  or  repressing  influence  on  the  motions  of  sperma- 
tozoa '**.  Even  in  urine  and  in  bile  they  continue  active,  though 
for  a  shorter  period ;  occasionally  the  motions  cease  suddenly ;  the 
animalcules  start,  as  it  were,  a  few  times,  and  then  lie  quite  still ; 
often,  too,  they  seem  affected  with  strong  convulsive-like  motions ; 
these  last  are  still  more  speedily  induced  by  the  admixture  of  pure 
water.  In  the  majority  of  instances,  when  pure  water  is  added  to 
a  drop  of  semen,  there  suddenly  occurs  a  rapid  movement,  a  sudden 
commotion  in  the  whole  mass  of  seminal  animalcules ;  they  shoot 
about  in  all  directions,  and  individuals  may  be  observed  bending 
or  twisting  themselves  violently,  so  that  the  tails  frequently  become 
entangled,  and  form  knots.  Shortly  afterwards  the  whole  mass 
becomes  quiescent,  although  one  here  and  there  may  still  be  ob- 
served to  move,  or  to  be  twitched  convulsively,  and  this  sometimes 
very  violently.  A  speedy  addition  of  blood  or  serum  is  occasionally 
followed  by  the  return  of  regular  motions,  which,  however,  are 
never  of  any  duration.  Weak  solutions  of  sugar  or  of  salt  in 
water  produce  these  powerful  effects  either  in  a  less  degree  or  not 
at  all.  The  addition  of  a  very  small  quantity  of  pure  water,  too, 
seems  frequently  to  have  no  influence  in  arresting  the  motions  of 
the  spermatozoa ;  and  it  is  remarkable,  that  these  animalcules  ma- 
nifest very  different  susceptibilities  to  the  action  of  water  pure,  or 
impregnated  with  some  saline  matter  in  different  classes,  and  even 

^  Donn^  has  performed  a  series  of  experiments  on  the  influence  of  different 
animal  fluids  on  the  spennatozoa.  (Nouvelles  Exp4nence8  sur  les  AfUmalctdei 
Spertnaiiques,  Paris^  1837,  8vo.)  Blood  produced  no  ill  effects  on  them ;  they 
will  live  for  one,  two,  three,  and  even  four  hours,  moving  freely,  rapidly,  and 
without  any  loss  of  strength.  Whether  the  blood  employed  was  that  of  a  man 
or  of  a  cold-blooded  animal,  the  effect  was  the  same.  The  motions  fell  off  in 
vivacity  gradually,  and  the  animalcules  die  without  any  violent  or  convulsive 
phenomena,  and  remain  in  the  position  in  which  they  were  previously.  Milk  has 
the  same  influence  as  blood ;  spermatozoa  will  live  for  hours  in  this  fluid.  Saliva 
destroys  them  quickly,  and  in  their  agony  the  tail  is  apt  to  form  eyes  or  knots. 
In  urine  they  perish  instantaneously.  In  pus  (from  chancre  and  vaginal  gonor- 
rhoea) they  appear  to  live  as  long  as  in  the  spermatic  fluid  itself.  The  mucus  of 
the  vagina  is  so  weakly  acid,  that  the  spermatozoa  do  not  seem  to  suffer  from  it, 
although  in  general  they  are  less  affected  by  fluids  that  are  slightly  alkalescent 
thao  by  those  that  are  in  any  way  acid.  These  conclusions  of  Donn^  I  have 
found  correct  on  the  whole ;  on  particular  points,  however,  my  own  experiments, 
instituted  for  the  most  part  on  the  spermatozoa  of  the  lower  animals,  led  me  to 
different  conclusions :  I  found,  for  instance,  that  they  almost  always  lived  in 
saliva ;  also  in  urine,  particularly  when  it  was  kept  warm,  and  was  not  too  con- 
centrated; after  a  nocturnal  emission,  for  example,  although  several  hours  have 
elapsed,  feeble  vital  motions  may  still  be  perceived  in  the  spermatozoa  then  con- 
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in  different  genera  of  animals  ".  Diluted  acids,  alcohol,  and  similar 
fluids,  arrest  the  motions  of  the  spermatozoa  in  the  instant,  and 
the  creatures  lie  in  all  irregular  positions,  and  altered  in  their 
forms  upon  the  field.  The  effect  of  narcotic  substances  is  particu- 
larly interesting ;  watery  solutions  of  the  salts  of  strychnia  always 
arrest  the  motions  suddenly;  in  general^  too,  they  very  soon  cease 
under  the  influence  of  solutions  of  opium  and  of  cherry-laurel 
water,  but  without  any  change  in  the  form  of  the  animalcules 
being  induced  ". 

§  9.  The  normal  duration  of  the  motions  of  spermatozoa  is 
different  in  different  animals.  It  appears  to  be  shortest  in  birds ; 
among  which  within  so  short  a  time  as  from  fifteen  to  twenty 
minutes  after  the  death  of  the  animal,  it  is  frequently  no  longer  to 

tained  m  the  mine.  I  have  repeatedly  detected  them  in  the  urine  of  persons 
whom  I  suspected  of  masturbation  ;  also  in  urine  that  let  fall  a  purulent  sedi- 
ment. [Dr,  John  Davy  {Edinb.  Med,  Surg,  Journ.  vol.  50.)  reports  that,  on  ex- 
amining the  fluid  from  the  urethra  after  stool  in  a  healthy  man,  he  had  always 
detected  spermatozoa  in  it.  I  have,  under  the  same  circumstances,  and  even  after 
the  mere  evacuation  of  the  bladder,  several  times  discovered  spermatozoa  in  the 
fluid  of  the  urethra,  but  the  subjects  of  my  observation  were  never  strong  or 
healthy  men ;  they  mostly  laboured  under  anomalous  nervous  symptoms,  which 
were  in  all  hkelihood  connected  with  an  irritable  or  disordered  state  of  the  vesiculae 
seminales  and  prostatic  part  of  the  urethra.  R.  W.] 

'^  The  addition  of  water  almost  invariably  increases  the  motion  in  the 
first  instance.  The  animalcules  rush  tumultuously  past  one  another,  and  die 
off  singly.  The  spermatozoa  of  the  invertebrata,  of  amphibia,  and  mam- 
mafia,  almost  always  form  loops  or  eyes ;  those  of  the  latter  not  invariably ; 
those  of  birds  again  almost  never.  The  spermatic  fluid  of  fishes  mixed  with 
water  exhibits  a  commotion  that  lasts  many  seconds,  and  even  minutes ;  after 
which  entire  quiescence  follows,  or  only  individual  animalcules  stir.  In  the 
spermatic  fluid  of  the  common  earthworm,  the  animalcules  on  the  addition  of 
water  commove  themselves  in  masses  in  a  wavy  manner,  by  which  a  singular 
and  beautiful  efiPect  is  produced,  that  might  be  compared  to  the  waving  motion  of 
a  com  field. 

"  The  eflfect  of  even  the  weakest  solution  of  strychnine  is  always  sudden ; 
when  the  whole  of  the  animalcules  in  a  diluted  drop  of  semen  are  seen  in  full 
activity,  all  that  the  poisonous  fluid  reaches  die  immediately ;  the  others  in  the 
immediate  vicinity  of  these,  which  it  has  not  attained,  still  continue  to  move 
vigorously.  To  secure  the  gradual  contact  of  this  solution,  and  to  observe  its 
efl^cts,  a  piece  of  cotton  or  woollen-thread,  or  a  narrow  slip  of  filtering-paper, 
may  be  laid  in  the  drop  of  seminal  fluid  under  examination,  and  touched  at  one 
end  with  a  glass  rod  dipped  in  the  narcotic  solution ;  by  the  capillary  attraction 
of  the  thread  or  slip  of  paper  the  reagent  penetrates  the  drop  of  semen  slowly, 
and  produces  its  specific  effects  gradually.  I  have  found  the  influence  of  such  a 
narcotic  solution  of  a  like  potency  U(}on  the  spermatozoa  in  mammalia,  birds, 
and  amphibia. 
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be  perceived :  this  is  particularly  the  case  when  the  external  tern* 
perature  is  low  and  the  body  cools  quickly.  Occasionally^  never- 
theless^ motion  is  conspicuous^  at  least  in  regard  to  individual 
spermatozoa,  some  hours  after  the  death  of  the  bird  i&om  which 
they  wer^  derived". 

In  mammalia  the  spermatozoa  continue  to  exhibit  motion  much 
longer,  in  some  cases  even  at  the  end  of  twenty-four  hours  after 
the  death  of  the  animal.  In  amphibia  this  is  still  more  remarkably 
the  case ;  and  in  fishes,  when  the  temperature  is  not  too  high,  and 
putrefaction  does  not  take  place,  the  motions  of  the  spermatozoa 
continue  longer  than  in  any  other  of  the  vertebrate  classes.  The 
spermatozoa  continue  alive  much  longer  when  the  semen  remains 
inclosed  in  its  natural  receptacles  than  when  it  has  been  taken  out  of 
these:  this  at  least  is  the  case  in  regard  to  the  warm-blooded 
vertebrata;  in  fishes,  as  I  have  just  said,  they  live  on  for  several 
days,  even  out  of  the  body**. 

In  weak  solutions  of  sugar  and  common  salt,  too,  the  sper- 
matozoa of  vertebrata  continue  active  for  six  or  eight  hours ;  and 
those  of  man,  after  noctiunal  emissions,  may  be  found  alive  in  the 

^  I  have  always  observed  the  most  rapid  and  lively  movements  among  the 
spermatozoa  of  birds,  particularly  passeres  of  all  kinds,  killed  by  decapitation  or 
strangulation.  The  whole  mass  of  semen  examined  was  alive  and  quivering,  and 
the  appearance  it  presented  might  be  compared  to  a  packet  of  sewing-needles 
shaken  rapidly  backwards  and  forwards  and  about;  individual  animalcules  at  the 
same  time  were  spinning  swiftly  on  their  axes,  and  so  on — facts  which  Siebold 
cehainly  does  wrong  in  denying  (Miiller's  Archive  1837,  S.  436).  In  a  single 
(and  rare)  instance,  I  observed  the  spermatozoa  of  a  lark  in  motion  eighteen  hours 
after  the  death  of  the  bird,  the  abdomen  of  which  had  also  been  opened.  They 
may  commonly  enough  be  observed  to  move,  in  birds  that  have  been  shot,  two 
or  three  hours  after  death. 

^*  In  rabbits,  mice,  &c.  that  have  been  killed  the  night  before,  the  spermatozoa 
are  conunonly  found  alive  next  day :  if  a  piece  of  the  turgid  vas  deferens  of  one 
of  these  animals  be  put  into  serum  or  sugar-water,  and  a  drop  of  spermatic  fluid 
be  added  at  the  same  time,  the  spermatozoa  will  usually  be  found  to  continue 
their  motions  in  the  fluid  of  the  vas  deferens  for  a  long  time  afUr  they  have 
become  quiescent  in  that  of  the  added  drop.  I  have  found  the  spermatozoa  of 
frogs,  skinned  and  prepared  for  cooking,  still  in  motion.  Among  fishes  I  have 
observed  the  spermatozoa  to  be  singularly  long-lived.  I  once  kept  a  slender  test- 
glass  full  of  the  spermatic  fluids  obtained  directly  from  the  tuigid  testes  of  the 
common  perch,  for  four  days  in  cool  weather,  and  found  the  animalcules  as  lively 
and  disposed  to  comport  themselves  precisely  in  the  same  manner  as  those  of  the 
generality  of  animals  but  just  killed ;  the  motions  were  sluggish  in  the  undiluted 
semen,  but  became  singularly  active  on  the  addition  of  water;  they  then  ceased 
of  a  sudden,  &c. ;  they  did  not  cease  at  a  temperature  two  degrees  below  the 
freezing  point  of  water. 

12 
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urine  hours  afterwards'^.  Very  low  or  very  higK  temperatures 
have  a  like  influence  in  arresting  the  motions  of  the  spermatozoa ; 
although  those  of  frogs  and  fishes  still  continue  active  when  the 
surrounding  medium  reaches^  or  even  sinks  below  the  freezing 
point.  The  kind  of  death  which  an  animal  suffers  has  no  influence 
on  the  duration  of  the  motions  of  its  spermatozoa^ 
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§  10.  Production  of  the  Spermatozoa. 

The  genesis^  or  production  and  development  of  spermatozoa  are 
subjects  of  much  interest^  and  very  remarkable ;  both  take  place 
through  the  entire  series  of  animals  afler  a  very  similar  type,  which 
presents  but  slight  modifications.  For  the  study  of  this  subject,  a 
bird,  and  that  one  of  the  order  of  Passeres,  should  be  chosen ;  the 
circumstance  of  the  pairing  time  in  these  creatures  being  so  deter- 
minately  attached  to  a  certain  season,  affords  us  an  opportunity  of 
watching  the  genesis  and  evolution  of  their  spermatozoa  in  the 
most  clear  and  satisfactory  manner.  The  testes  themselves,  accord- 
ing to  their  condition,  always  prefigure  the  state  of  evolution  of  the 
spermatozoa.  In  winter  the  testes  present  themselves  as  a  couple 
of  small  bodies,  the  size  of  a  pin's  head,  or  a  millet-seed ;  the 
seminal  vessels  are  then  exceeedingly  contracted,  but  still  demon- 
strable as  tortuous  canals,  lined  with  an  epitheUum.  Whether  the 
very  minute  granular  bodies,  from  the  3-^th  to  the  tJt*^  of  a  hne 
in  diameter,  which  are  then  contained  in  their  interior,  be  of  a  pecu- 
liar nature,  or  belong  to  the  epithelium,  is  doubtfiil.  With  the 
advance  of  spring,  the  testes  gradually  increase  in  size,  and  at 
length  are  found  of  twenty,  and  even  thirty  times  the  size  and 
weight  they  possessed  in  the  depth  of  winter '^    The  seminal 

• 

"  Refer  back  to  the  observations  on  the  preceding  paragraph  (§  8)  Annot.  20, 
21,  22. 

^  It  seemed  to  be  perfectly  indifferent  in  what  manner  the  animals  were  killed 
whose  seminal  animalcules  I  wished  to  examine;  dogs,  rabbits,  birds,  &c. 
poisoned  with  strychnine,  coniine,  &c.,  the  irritability  of  whose  muscular  nerves 
was  entirely  gone,  still  afforded  me  spermatozoa  possessed  of  all  their  activity, 
which  lasted  as  long,  too,  as  under  any  other  circumstances. 

^  The  testicles  become  of  extraordinary  m^nitude,  both  absolutely  and  in 
relation  to  the  rest  of  the  body,  in  the  duck,  and  in  the  common  fowl ;  in  the 
passeres,  or  singing  birds,  I  also  find  them  very  remarkably  developed,  and  the 
left  testis  generally  more  so  than  the  right.  On  this  subject  see  my  Elements  qf 
Cof^mraUve  Anatomy  (Lekrh.  der  vergleichenden  Anatomie,  S.  248),  and  my 
ConirUmiums  to  the  Anatomy  of  Birds  CBeitrage  zur  Anatomie  der  VogelJ,  in  the 
Abkandhmpen  der Baierischen  Akademie,  Bd.  II.  S.  284.  The  progressive  enlarge- 
ment  of  the  testis  in  birds  as  the  pairing  time  approached,  was  studied  by  Mr. 
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vessels  expand  greatly  and  form  thick  convolutions  like  those  of 
the  brain,  visible  to  the  naked  eye,  and  glistering  through  the 
proper  capsule  of  the  testis,  which  is  now  covered  with  a  network 
of  arteries  and  veins.  At  first,  granules  and  globules  of  different 
taxes  and  forms,  either  more  darkly  granular,  or  pale  with  several 
larger  molecules  included,  and  frequently  with  only  a  single  larger 
granule  in  the  centre,  are  discovered  (tig.  V.  a,  b).    These  cor- 

Ilunl«r  (vide  Aninal  (Eeomtmy,  ed.  hj  Owen,  I837>  8vo),  uid  pUiu  of  thnr 
relative  dimeniioiis  in  the  House- Bpairow  at  different  season*,  are  given  b;  Owen 
in  bia  article  Avaa  in  Todd's  Cyehpadia,  vol.  I.  p.  354. 


Fio.  v.— This  fig.  repreaenta  the  seTeral 
atagei  of  evolution  of  the  apennatic  animal- 
culea  of  certhia/amiliaru  (common  creeper). 
As  a  greater  d^^ree  of  force  has  beea  given 
to  the  outline  than  is  to  be  met  with  in  nature, 
tbe  figure  rather  reaemblea  a  plan  than  an 
exact  copy  of  irbat  may  be  observed.  The 
objects  are  delineated  as  magnified  from  nine 
hundred  to  one  thousand  tiniei : — I,  an  adult 
spermatozoon  taken  from  the  orilice  of  the 
vas deferens;  a,  seminal granulea,tBkeo  from 
a  very  collapsed  teatide  in  the  winter  season; 
b — k,  seTeral  seminal  granules,  taken  from  a 
testicle  in  summer,  during  turgegcence ;  b,  c, 
seminal  granulea,  which  are  probably  nothing 
more  than  altered  epithelial  cells ;  d,  t,  f, 
cysta  or  vesicles,  enclosing  one  or  more  round 
granular  globules; ;, a  similar  cyst,  contain- 
ing, besides  the  two  globules,  a  finely  granu- 
lar mass,  in  which  the  spermatozoa  may  be 
seen  to  form;  h,  the  cyst,  still  containing 
some  finely  granular  matter,  has  assumed  an 
oval  form,  and  the  bundle  of  spermatic  ani- 
malcules, increased  in  size,  lies  bent  up  with- 
in it  (  i,  a  cyst  still  more  developed,  the  in- 
volucrum,  pear-shaped,  covers  the  bundle  of 
animalcules  where  their  spiral  extremities  lie; 
k,  a  cytt  arrived  at  maturity,  still  covered  by 
the  involucnim. 
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puscules  or  globules  are  firom  the  ^r^th  to  the  -j^th  of  a  line  in 
diameter.  One  of  the  larger  darker  globules,  with  evident  traces 
of  a  central  nucleus,  is  here  represented  (fig.  V.  c).  Whether  these 
globules  are  new  elements,  or  altered  epitheliiun-cells,  it  is  difficult 
to  determine.  No  less  so  is  it  to  say  whether  they  undergo  trans- 
formation or  evolution  in  the  manner  of  the  bodies  next  to  be 
described,  by  assuming  a  covering,  or  expanding  bladderwise  in« 
volved  in  a  dense  tunica  propria.  Along  with  these  bodies,  and 
in  connexion  with  the  increasing  afflux  of  blood,  and  augmenting 
turgescence  of  the  testes,  there  are  evolved  numbers  of  distinctly 
rounded  and  perfectly  transparent  vesicles,  which  at  first  present 
one  (fig.  V.  d)y  and  then  several, — ^two,  three,  four  (c),  and  as  many 
as  ten  and  more  nuclei.  These  nuclei  are  delicate,  pale,  (in  the 
figure  they  are  too  dark  and  hard,)  granulated  globules,  bearing  a 
partial  resemblance  to  the  finer  globules  (a)  first  described.  The 
vesicles,  or  replete  globules,  now  under  consideration,  grow  fi-om 
thcyf^th  to  the  x^th,  and  finally  to  the  3V^li  o^  *  ^^^^  ^  diameter. 
In  the  course  of  their  development  a  fine  granular  precipitate  is 
observed  to  form  between  the  included  nuclei,  by  which  these  are 
first  obscured  and  then  made  to  disappear,  and  linear  groupings 
are  produced,  which  anon  proclaim  themselves  as  bundles  of 
spermatozoa,  already  recognizable  by  slight  traces  of  a  spiral  form- 
ation of  one  extremity  (fig.  V.  ff)»  It  were  hard  to  say  whether 
the  finely  granular  precipitate  is  to  be  regarded  as  the  product  of  a 
process  of  resolution  occurring  to  the  nuclei,  or  a  new  formation, 
as  also,  whether  the  spermatozoa  spring  out  of,  or  only  in  and 
amidst  this  yolk-like  matter,  or  matter  that  at  all  events  is  com- 
parable to  the  yolk  of  eggs  in  general.  The  vesicles  now  assume 
an  oval  form  (fig.  V.  A),  the  globules  disappear,  the  granular  con- 
tents diminish ;  the  seminal  animalcules  ar^  well-grown,  and  lie 
bent  up  within  the  cyst ;  their  spiral  ends  are  more  conspicuous. 
The  delicate  covering  (involucrum)  is  now  drawn  more  closely 
around  the  bundle  of  spermatozoa  it  includes,  and  where  it  covers 
their  spiral  ends  anteriorly  it  assumes  a  pyriform  outline  (i),  and 
at  the  opposite  extremity  is  perhaps  at  this  time  open ;  but  it  is 
difficult  to  speak  decisively  on  this  point.  The  cysts  are  now  very 
commonly  bent  nearly  at  right  angles,  or  like  knees ;  but  at  length 
they  appear  stretched  out  and  straight,  and  have  attained  their 
fill!  size  (it).  The  capsules  of  these  vesicles'  are  at  all  times,  and 
especially  towards  the  end  of  their  existence,  highly  hygroscopic ; 
the  addition  of  a  little  water  causes  them  to  burst,  the  masses  of 
spermatozoa,  rolled  up  like  a  little  skein  of  thread  or  silk,  escape,  and 
occasionally  at  this  stage  exhibit  motions  individually,  which,  how- 
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ever^  whilst  the  animalcules  continue  in  the  ducts  of  the  testes,  are 
frequently  not  to  be  observed,  and  are  never  either  general  or 
remarkable.  The  spermatozoa,  after  the  rupture  of  the  cyst,  advance 
in  freedom  to  the  vas  deferens,  where  they  become  stronger,  and 
commonly  look  as  if  they  were  better  nourished  (fig.  I.) ;  severally 
the  spermatozoa  are  here  about  the  xoth  of  a  line  in  length,  and 
the  folly  developed  cysts  and  bundles  (fig.  V.  k)  in  the  testicle  have 
the  same  dimensions ;  it  is  at  this  period  that,  from  their  lying 
many  together,  they  can  be  most  easily  followed  to  their  smaller 
ends,  and  most  advantageously  subjected  to  micrometric  admeasure* 
ment.  The  spermatozoa  of  the  finches  (fringillidae)  are  extremely 
large,  particularly  in  the  bullfinch,  where  they  are  as  much  as  the 
^th  of  a  line  in  length  (fig.  IV.  &).  In  other  families,  as  in  the 
laniadse,  they  remain  much  shorter ;  they  are  still  shorter  and  far 
more  globular  in  all  the  remaining  families  of  the  class  ".  It  is 
equally  easy  to  follow  the  several  steps  in  the  development  of  the 
spermatozoa  in  cysts  and  vesicles  among  the  frog  tribes ;  but  more 
difficult  to  observe  them  in  the  mammalia  and  man ;  in  whom, 
nevertheless,  precisely  similar  bodies,  and  what  may  be  called 
vesicles  of  evolution,  present  themselves  (fig.  II.  a,  i,  from  the 
human  subject),  as  also  aggregated  bundles  or  skeins  of  sperma- 
tozoa (fig.  II.  c),  the  covering  of  which  appears  to  be  of  extraordi- 
nary delicacy.  Besides  these  granules,  vesicles  and  bundles  of 
spermatozoa,  and  intermingled  with  them  numerous  scales  of 
epithelium  are  conspicuous,  and  not  unfrequently  oil-globules  in 
greater  or  smaller  numbers  (fig.  VI.)    And  then  there  is  the  liquor 

^  On  the  deyelopment  of  the  spermatozoa  in  the  yellow-hammer,  Bimilar  in 
every  particular  to  that  in  birds  generally,  vide  my  paper  in  M  liner's  Arekh  fiir 
1836,  S.  225,  and  of  those  of  the  pigeon,  vide  my  F^ragmentM  on  the  Physiology  of 
Generation  (Fragmente  zur  Physiologie  der  Ze^wng,  Tab.  I.  S.  388).  In  the 
mammalia,  amphibia,  &c.  1  have  rather  frequently  found  spermatozoa  in  the 
testis  endowed  with  the  capacity  of  motion  to  a  considerable  degree. 

Fio.  VI. 

Fio.  VI.— Seminal  fluid  of 
the  rabbit: — A, from  the  vas 
deferens ;  a  and  h,  two  pale, 
flat,  finely  granular  bodies, 
which,  I  take  it,  are  merely 
epithelial  scales;  c,  two  bo- 
dies, more  opaque,  and  having 
darker  outlines,  which  I  re- 
gard as  true  seminal  granules ; 
df  d,  blood-globules  for  con- 
trast, one  is  seen  edgewise; 
e,  seminal  animalcule.    B,  seminal  fluid  from  the  testis :— a  and  b,  two  very  dark 
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seminis  as  the  vehicle  of  the  whole.  This  is  now  a  perfectly  trans- 
parent crystalline  fluid ;  and  again  it  is  turbid^  and  crowded  with 
excessively  minute  molecules,  very  similar  to  the  fovilla  of  the 
pollen-granules  of  plants.  These  delicate  pale  molecules^  which 
are  under  the  ttsW^^  ^^  ^  1^^  ^  diameter^  exhibit  the  common 
molecular  movement  '*. 

§  11.  The  spermatozoa  of  the  mammalia  in  the  rutting  season, 
and  of  young  animals  in  general  when  they  become  capable  of 
reproduction — ^man  as  he  attains  puberty  inclusive — are  developed 
precisely  in  the  same  manner  as  in  birds  at  the  pairing  time.  A 
larger  quantity  of  blood  is  sent  to  the  testes,  these  organs  enlarge, 
tiie  parietes  of  the  seminal  canals  become  thicker,  the  diameter 
of  their  area  increases,  and  they  are  distended  with  granules; 
by  and   by  the  cysts   or   cells  with  their  included  globules  as 

"  In  reviewing  the  history  of  the  evolution  of  the  spermatosoa  now  given,  in 
ooonezion  with  the  discoveries  of  Schleiden  and  Schwann  on  the  development  of 
Fqietables  and  animals  alike  from  cells  (see  farther  on  this  subject  under  our 
head  of  Dbvblofmbnt),  the  idea  presents  itself  to  the  mind  whether  the  liquor 
seminis  is  not  to  be  regarded  as  a  "  matrix "  (ZeUenkdmstoff,  Cjrtoblastema^ 
SduDom),  in  which  the  granular  nuclei  are  developed  as  cytoblasts,  which  again 
put  forth  thdr  covering  or  cyst  as  a  cellular  wall :  the  finely  granular  contents 
would  then  have  to  be  considered  as  the  cell-flmd.  The  cytoblasts  disappear  so 
won  as  the  spermatozoa  are  evolved  in  their  contents,  and  the  cells  burst  and 
cast  out  the  animalcules  as  the  cells  of  the  algae  scatter  abroad  their  sporuleA.  It 
would  be  desirable  to  inquire  farther  into  this  matter,  and  endeavour  to  discover 
whether  the  cell-nuclei,  or  globules  of  the  vesicles,  also  contain  coipuscules  as 
nuclei  in  their  interior,  which  they  very  obviously  appear  to  do  occasionally, 
(fig.  VII.) 

and  well  defined  bodies,  which  I  imagine  to  be  oil-globules ;  c,  c,  a  cluster  of 
four  much  smaller,  but  very  well  defined  corpuscles,  probably  also  oil-globules ; 
d  and  e,  two  pale  granular  bodies  of  different  sizes,  either  seminal  granules  or 
epithelial  scales  ;  /,  another  body  of  the  same  kind,  but  darker ;  p  and  h,  evolu- 
tion globules  or  cysts,  with  a  number  of  extremely  pale  globules  and  some  granu- 
lar matter  included.  [Dr.  John  Davy,  in  the  testes  of  man,  invariably  found 
extremely  minute  dense  spherules,  which  he  conjectures  to  be  the  ova  of  the 
spermatozoa.    Researches,  v.  i.  p.  332.  R.  W.] 


Fig.  VII. 


Rg.  VII. — A  very  large  cyst  or  bladder  of 

evolution,  containing  five  extremely  pale  glo- 

^1^  bules,  each  of  which  exhibits  a  very  minute 

x9  I         dark  nucleus.     This  appearance  is  extremely 

@         rare;  it  was  met  with  in  the  seminal  flmd  of  the 

lanius  nficeps ;  b,  two  seminal  granules  from 

the  vas  deferens. 
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nuclei  make  their  appearance,  and  in  these  the  spermatozoa  are 
evolved**. 

The  spermatozoa  attain  their  highest  development  and  motility 
in  the  excretory  duct  or  epididymis  ".  So  also  in  very  advanced 
age,  or  as  a  consequence  of  local  or  general  disease,  and  among 
animals  living  in  a  state  of  nature  at  all  seasons  save  that  of  rutting, 
we  commonly  find  the  vasa  deferentia  empty  and  contracted*',  the 
seminal  vessels  of  the  testes  small  and  only  containing  granules 
and  here  and  there  a  globule  of  fat.  This  retrogressive  process 
may  likewise  be  very  readily  followed  step  by  step  among  the  tribe 
of  singing-birds  (passeres).  After  one  or  two  broods  have  been 
hatched  in  the  spring,  about  the  middle  or  end  of  summer  the 

^  It  is  thus  that  they  occur  in  lads  at  the  age  of  puberty,  in  young  mammalia 
generally,  and  in  birds.  In  the  rabbit  the  spermatozoa  are  developed  at  a  very 
early  age :  by  the  end  of  the  third  month  from  birth  they  are  found  to  have 
attained  complete  maturity.  In  the  dog  and  cat  they  are  only  developed  at  a 
much  later  period. 

'*  This  circumstance  already  alluded  to  oftener  than  once,  namely,  the  more 
perfect  development  of  the  spermatozoa  in  the  epididymis  and  vas  deferens  than 
in  the  testis,  can  only  be  fully  appreciated  on  a  careful  inspection  of  these  ani- 
malcules ;  properly  speaking,  they  are  not  perhaps  absolutely  larger,  but  they 
are  more  distinct  and  plump,  presenting  a  sharper  outline,  and  looking  altogether 
as  if  they  were  better  nourished. 

'*  In  men  in  the  flower  of  their  age,  and  in  animals  during  their  season  of 
heat,  the  capacity  of  the  vas  deferens  is  increased,  its  walls  are  attenuated,  and 
the  spermatic  fluid  escapes,  or  is  readily  pressed  out  from  its  interior  when  it  is 
cut  across,  in  the  shape  of  a  milk-white  drop  of  fluid.  In  men  between  sixty  and 
seventy  years  of  age,  I  have  still  found  spermatozoa  in  the  seminal  canals  of 
the  testicle  ;  in  the  vas  deferens  they  were  not  numerous ;  in  the  vesicula;  semi- 
nales  they  seemed  to  be  in  the  ordinary  numbers.  The  walls  of  the  vas  deferens 
in  old  age  acquire  an  almost  cartilaginous  degree  of  hardness,  the  diameter  of  its 
canal  is  much  reduced,  or  nearly  obliterated  ;  in  some  cases  the  walls  appeared 
actually  to  have  coalesced.  It  is  very  commonly  reported  that  exhausting 
diseases,  and  mental  emotions  of  a  depressing  kind  when  long-continued,  cause 
a  disappearance  of  the  seminal  animalcules.  But  I  have  found  them  very  rife 
under  such  circumstances :  they  occur  in  abundance  in  cases  of  confirmed 
phthisis,  and  in  subjects  worn  out  with  hectic  fever;  they  are  always  abundant 
in  individuals  who  have  died  by  the  hand  of  justice,  as  well  as  in  those  who  have 
laid  violent  hands  on  themselves.  I  do  not  know  whether  or  not  they  are 
wanting  after  violent  nervous  attacks,  after  typhus,  tabes  dorsalis,  &c. ;  a  point 
which  would  be  interesting  to  ascertain  In  one  case  of  a  youthful  and  strong 
man,  in  which  the  testicle  had  been  extirpated  on  account  of  disease,  I  failed  to 
discover  any  spermatozoa,  although  by  the  side  of  the  abscesses  and  fistulous 
passages  there  were  many  perfectly  healthy  portions  of  the  testis  remaining,  with 
the  seminal  ducts  quite  normal.  I  have  also  occasionally  missed  spermatozoa  in 
the  proper  passages  of  aged,  much  emaciated,  and  sickly  dogs.  Dr.  John  Davy, 
in  eighteen  out  of  twenty  cases,  found  spermatozoa  in  the  dead  bodies  of  men 
who  had  died  of  very  different  diseases.  {Edinb.  Med.  and  Surff,  Jbiim.vol.  SO.  p.  1.^ 
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moulting  season  begins;  at  this  time  the  testicles  have  already 
very  much  contracted^  and  they  become  smaller  every  day.  The 
vasa  deferentia,  the  ends  of  which  formed  club-shaped  masses  by 
the  side  of  or  behind  the  cloaca  at  an  earlier  period  little  inferior  in 
size  to  the  testes  themselves,  still  contain  seminal  fluid  in  small 
quantity;  but  the  spermatozoa  are  motionless  and  pining;  their 
spiral-shaped  ends  are  still  distinguishable,  but  the  windings 
appear  more  like  knots.  In  the  testes  the  nucleated  vesicles  or 
evolution-globules  are  very  few  in  niunber,  and  by  and  by  dis- 
appear entirely ;  the  smialler  granules,  and  the  bodies  which  are 
perhaps  to  be  regarded  as  altered  epithelial  cells,  are  still  present, 
and  among  them  a  certain  number  of  obviously  shrivelled  cysts, 
in  which  the  spermatozoa  appear  to  have  suffered  an  arrest  of 
development,  and  never  to  have  come  to  maturity,  as  if  they  had 
been  produced  unnecessarily  and  were  never  to  be  used ;  the  sper- 
matozoa in  these  do  not  now  lie  in  masses  or  bundles,  but  singly, 
apart,  altered  in  character,  and  only  partially  exhibiting  the  spiral 
extremity;  mixed  with  the  spermatozoa  there  are  also  certain 
yellowish  globules,  which  refract  the  light  powerfully,  molecules 
about  the  -r^th  of  a  line  in  diameter,  and  not  imlike  oil-globules 
in  appearance.  Somewhat  later,  these  cysts,  now  plainly  involved 
in  the  general  degeneration,  are  no  longer  to  be  found,  but  in  their 
stead,  and  perhaps  proceeding  out  of  them,  certain  globular  or  oval 
bodies,  from  the  -pf^th  to  the  tJ-o^^  ^^  ^  ^^^^  ^^  diameter,  and 
aggregates  of  large  dark  round-shaped  molecules  or  granules,  now 
and  then  with  a  somewhat  clearer  nucleus,  which  are  comparable 
in  some  sort  with  the  large  pigmentary  aggregates  or  bodies  that 
occur  in  the  choroid  coat  of  the  eye.  In  the  testis  itself  there  is 
no  more  trace  of  spermatozoa  to  be  found,  than  in  the  vas  deferens ''. 

^  I  have  not  thought  proper  to  follow  oat  the  history  of  the  decay  or  degene- 
ration of  the  spermatozoa  with  the  same  extent  of  detail  as  that  of  their  develop- 
ment, so  that  their  states  at  various  intermediate  times  are  not  noticed^  and 
perhaps  other  particulars  not  without  interest  are  overlooked.  The  crow  and 
magpie  were  the  principal  subjects  of  my  observations  in  this  part  of  the  inquiry, 
and  it  is  from  these  that  the  particulars  in  the  text  are  given.  Tt  is  to  be  under- 
stood of  course  that  all  the  facts  there  set  down  were  not  observed  in  the  precise 
order  in  which  they  appear,  that  the  account  rendered  of  them  is  always  an 
e|ntame  of  many  isolated  observations,  and  even  connected  and  completed  in 
parts  by  analogy ;  though  individual  adventitious  points  may  be  called  in  ques- 
tion, and  my  explanations  of  others  may  even  be  shown  to  be  erroneous,  I  still 
believq,  nevertheless  that  I  can  vouch  for  the  accuracy  of  all  that  is  essential. 
The  whole  of  my  statements  rest  on  my  own  very  numerous  observations  and 
researches;  aa  weighty  guarantees  of  their  accuracy,  I  am  happy  in  being 
able  to  cite  Siebold  (in  Miiller's  Arehw,  1836,  S.  436),  and  Valentin  (in  his 
JUperiormm,  1837,  S.  143). 
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§  12.  Examination  of  the  Male  Seamal  Organs  of  Hybrids. 

It  is  an  universal  law  in  natural  history  that  animals  of  the  same 
species  only  seek  sexual  intercourse  spontaneously^  and  give  birth  to 
a  fruitful  progeny.  It  is  perhaps  only  under  some  artificial  influence^ 
usually  traceable  to  the  interference  of  man^  that  animals  of  different 
species  intermingle  sexually :  in  their  natural  state  of  freedom  an 
union  of  this  kind  certainly  occurs  very  rarely,  and  it  is  only  between 
generically  allied  animals  that  such  a  conjunction  has  any  sequence ; 
the  mules  or  hybrids  then  produced  are  for  the  most  part  barren,  or 
otherwise  they  are  capable  of  procreating  with  one  or  other  of  the  ani- 
mals from  which  they  are  descended  through  at  most  one  generation ; 
two  mules  have  very  seldom  been  known  to  have  fruitful  inter- 
course ;  the  race  then  dies  out.  This  fixed  law,  ordained  for  the 
protection  and  continuance  of  existing  kinds  and  species,  is  of  the 
highest  importance'*,  and  naturally  leads  to  the  question  as  to  the 
state  of  the  germ-preparing  sexual  organs  of  the  males  of  mules, 
whether  spermatic  fluid  is  produced,  and  whether  spermatozoa  are 
present  in  the  fluid  secreted.     Several  isolated  observations  would 

**  A  comprehensive  general  view  of  all  the  trustworthy  accounts  yet  published 
in  regard  to  hybrids  of  the  higher  animals,  which  have  either  been  produced 
under  the  dominion  of  man,  or  been  encountered  in  the  natural  wild  state,  would 
be  of  great  physiological  interest ;  particularly  if  a  careful  comparison  were  at  the 
same  time  given  of  the  colour,  and  of  any  peculiarities  of  external  conformation 
and  internal  structure,  the  comparison  being  made  as  well  between  the  animals  of 
the  parent  stock  as  between  the  hybrids  themselves.  Undoubted  cases  of 
hybridism  are  almost  only  known  as  having  occurred  between  animals  that 
belong  to  one  genus, — for  example,  between  the  wolf  and  the  dog,  the  lion  and 
tiger,  the  sheep  and  goat,  the  horse  and  ass,  the  horse  and  zebra,  &c.  All  of 
these  animals  only  communicate  sexually  under  the  influence  and  with  the  inter- 
ference of  man ;  and  they  are  even  then  for  the  most  part  brought  to  copulate 
with  difficulty.  Exceptions  to  the  rule  of  identity  of  genus  being  necessary  to 
the  production  of  hybrids,  are  of  exceeding  variety ;  still  there  have  been  cases 
of  fruitful  intercourse  occurring  between  the  goat  and  chamois,  and  even  between 
the  sheep  and  roe;  the  old  tales  of  productive  intercourse  between  man  and 
animals,  and  between  animals  of  extremely  different  kinds,  are  altogether 
unworthy  of  credit.  Barrenness  is  the  appanage  of  hybridism ;  they  are  exceptions, 
and  extremely  rare  exceptions,  where  hybrid  animals  prove  fruitful  with  indi- 
viduals of  the  original  stock.  Upon  this  subject  I  beg  to  refer  to  Burdach's 
Physioloffie,  Bd.  I.  S.  511.  (tom.  ii.  p.  182.  of  Jourdan's  French  translation,)  and 
the  excellent  critical  remarks  on  the  hybrids  of  the  genus  equus  and  apis,  by 
Andrew  Wagner,  in  Schreber's  Sdugethieren,  Bd.  VI.  S.  185,  and  Bd.  V.  1281 
et  seq  On  the  hybrids  of  birds,  see  observations  under  annotation  36.  Instances 
of  the  production  of  hybrids  are  also  known  to  have  occurred  among  amphibia, 
fishes,  and  invertebrate  animals.    Vide  Burdock,  loc.  cit. 
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lead  to  the  conclusion  that  the  semen  of  the  mule,  at  least  of  that 
proceeding  from  the  horse  and  ass,  contains  no  spermatozoa'\  In 
the  difficulty  which  is  felt  in  these  countries  of  procuring  the 
mules  of  mammalia  as  subjects  for  a  series  of  observations,  it  is 
more  convenient  and  much  easier  to  make  use  of  the  mule  progeny 
of  birds.  Those  that  are  most  commonly  met  with  are  the  hybrids 
of  canary-birds,  and  others  of  the  finch  tribe,  such  as  the  gold- 
finch, gray-linnet,  &c,*^     It  is  well  known  that  many  of  these  mule 

^  Hebenttreit,  Boimet,  and  Von  Gleichen,  all  inform  ub  that  they  had  failed 
to  discover  Bpermatozoa  in  the  stallion  of  the  conunon  mule»  or  hybrid  between 
the  mare  and  ass ;  Prevost  and  Dumas,  whose  observations  bear  the  impress  of 
accuracy  ai\4  authenticity,  found  no  trace  of  seminal  animalcule  in  the  whole 
course  of  the  genital  organs  of  a  male  mule,  which  was  remarkable  for  its  sala- 
cioQsness ;  the  contents  of  the  seminal  canals,  of  the  testes,  and  vasa  deferentia, 
consisted  of  globules  only  (the  figures  prove  them  to  have  been  mere  epithelial 
cells) ;  in  a  horse  and  aas  examined  at  the  same  time,  plenty  of  spermatozoa  were 
discovered.  Vide  their  paper  in  Ann,  des  Sciences  Naturelles,  I.  p.  1S2,  and  PI. 
12,  C.  A.  M. 

^  Here  also  I  choose  birds  as  the  subjects  of  my  inquiries ;  among  which  deci- 
»re  observations  are  easily  and  at  any  time  repeated.  It  is  remarkable  and 
doubly  interesting  that  it  is  among  birds,  and  particularly  gallinaceous  birds, 
that  hybrid  productions  occur  more  commonly  perhaps  than  among  all  the  other 
classes  of  animals  put  together.  The  number  of  instances  increases  every  day  in 
which  the  tetrao  tetrix  (moorfowl)  and  the  tetrao  wogaUus  (blackcock)  have 
been  found  to  have  fruitful  connexion  in  their  natural  wild  state,  the  product  of 
this  union  being  the  tetrao  rnedius,  long  regarded  by  naturalists  as  a  distinct 
species.  On  this  subject  see  Naumann's  Natural  Hietory  of  the  Birds  of  Ger" 
manf  (Naturffesckickte  der  Vogel  Deutschkmds,  B.  VI.  S.  804,)  and  Gloger's 
Mamud  of  the  Natural  History  qf  the  Birds  of  Europe  (Handbuch  der  NatW" 
ffoekickie  der  Vogel  Europas,  I.  S.  612).  In  Sweden  and  Russia  such  instances 
teem  to  occur  still  more  frequently.  I  had  myself,  very  lately,  a  specimen  from 
the  south  of  Bavaria,  but  was  unfortunately  prevented  from  examining  the  sexual 
organs.  The  instances  of  a  productive  union  between  the  tetrao  tetrix  (moor- 
fowl)  and  the  tetrao  Jagopus  (ptarmigan)  in  their  natural  state  of  freedom,  are  of 
rarer  occurrence;  as  also  of  the  Urundo  domestica  (house-swallow)  and  the 
kinmdo  agreatia  (marten),  cases  of  which  will  be  found  recorded  by  Naumann 
and  Gloger.  Numerous  instances  have  occurred  of  hybrids  between  the  pheasant 
and  common  domestic  fowl,  aa  also  between  different  members  of  the  pheasant 
family  with  one  another;  these  hybrids  are  almost  always  barren,  occasionally 
only  are  they  capable  of  engendering.  Breeders  of  canary-birds  have  found  that 
^ese  creatures  engender  readily  enough  with  the  goldfinch,  linnet,  and  siskin, 
and  with  greater  difficulty  with  the  greenfinch  and  chafiinch ;  whether  they  will 
procreate  with  the  yellowhammer  (emberiza  citrtnellaj  or  not  is  doubtful ;  I  find 
no  accounts  that  can  be  depended  upon  on  this  point :  if  fruitful  connexion  did 
occur,  it  would  be  particularly  remarkable  on  account  of  the  generic  difference 
of  the  kinds.  In  general  these  hybrids  are  barren ;  there  are,  however,  un- 
doubted instances  on  record  in  which  mules,  both  male  and  female,  of  the  gold* 
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birds  can  never  be  brought  to  pair  at  all;  that  the  pairing  of 
others,  when  it  does  take  place,  remains  unproductive,  and  that 
some  few  only  pair  and  engender.  It  must  therefore  be  extremely 
interesting  to  examine  the  contents  of  the  testes  in  such  birds,  to 
observe  the  changes  which  their  sexual  organs  undergo  in  the 
course  of  the  spring,  and  to  contrast  these  with  the  corresponding 
parts  in  the  original  stock-birds.  The  male  of  the  canary  comports 
itself  in  all  respects  like  the  other  passeres :  the  testes  enlarge  by 
degrees  to  rounded  oval  bodies  of  considerable  magnitude,  and 
generally  of  somewhat  unequal  size;  the  vasa  deferentia  form 
peculiar  club-shaped  convoluted  masses  on  either  side  of  the  cloaca; 
the  spermatozoa  contained  in  these,  as  in  all  the  other  members  of 
the  finch  family,  are  very  large  and  strong,  though  somewhat  less 
so  than  those  of  the  chaffinch,  and  about  the  tenth  of  a  line  in 
length ;  their  spiral  end  is  well  developed  and  furnished  with  two 
principal  threads  (fig.  IV.  c)  of  the  screw.  In  the  male  gold- 
finch, every  circumstance  bears  the  same  general  complexion,  but 
even  the  best  developed  of  the  spermatozoa  are  here  somewhat 
more  slender  and  shorter;  their  spiral  end,  too,  is  less  strongly 
marked  (fig.  IV.  rf) ;  they  measure  the  ^V^Ii  of  aline  in  length.  The 
sexual  organs  of  the  male  mule  or  hybrid  of  the  male  goldfinch 
and  female  canary,  exhibit  great  diversities  in  the  state  of  develop- 
ment of  the  testicles  at  the  pairing  season.  In  some,  these  organs 
continue  extremely  small;  in  others  they  enlarge  in  different 
degrees,  but  scarcely  ever  attain  to  more  than  half  the  size  of  those 
of  the  stockbird^  and  are  always  of  a  rounder  form ;  they  are  either 

finch  and  canary  have  shown  themselves  capable  of  procreation ;  but  this  was 
only  with  canary-birds,  as  it  would  appear,  not  with  one  another.  I  have  sacri- 
ficed a  considerable  number  of  hybrids  of  this  kind  in  the  course  of  my  inquiries 
on  the  subject  of  generation ;  I  always  found  the  vasa  deferentia  empty :  in  the 
testicles  the  product  varied ;  there  were  either  no  seminal  animalcules  discovered 
or  these  were  imperfectly  developed.  I  imagine,  however,  that  hybrids  actually 
capable  of  engendering  must  produce  proper  spermatozoa.  In  female  hybrids  I 
found  all  the  anatomical  requisites  to  procreation ;  to  wit,  an  oviduct,  an  ovary 
with  numerous  little  yolks  which  all  contained  a  germinal  vesicle ;  I  never  saw 
ripe  or  ripening  yolks,  however.  It  were  of  the  highest  interest  for  natural 
history  in  general,  as  well  as  the  physiology  of  generation,  were  an  extensive  and 
systematic  series  of  observations,  which  should  be  varied  in  every  possible  manner, 
and  repeated  again  and  again,  to  be  undertaken  upon  the  crossings  and  inter- 
mixtures of  our  cage-birds  and  their  hybrids.  The  faciUty  with  which  canary- 
birds  are  reared,  and  the  readiness  with  which  they  admit  birds  of  other  kinds 
to  their  society,  seem  to  promise  the  best  results  in  taking  them  as  the  subjects 
of  observation.  Continued  researches  in  minute  anatomy  would  necessarily  go 
hand-in-hand  with  these  observations. 


MALE    ORGANS    OP    HYBRIDS.  33 

developed  in  equal  measures,  or  the  one  grows  more  than  the  other ; 
sometimes  the  right,  sometimes  the  left.  In  those  that  are  best 
developed,  the  windings  of  the  seminal  canals,  and  the  beautiful 
network  of  blood-vessels,  are  distinctly  seen  shining  through  the 
tunica  propria.  The  fluid  contained  in  these  canals  is  white,  and 
presents  globules  and  granules  of  different  sizes,  similar  to  those 
discovered  in  the  testes  of  other  birds  (fig.  V.  a — c),  but  the  true, 
the  proper  genetic  globules  are  always  wanting.  Instead  of  these 
we  meet  with  roimdish  and  elongated  globules  and  bladders,  from 
the  -riijth  to  the  -^^th  of  a  line  in  length,  filled  internally  with  small 
dark  molecules,  occasionally  with  clear  rings  including  bodies  that 
look  like  germinal  vesicles ;  many  of  these  corpuscules  are  elongated 
and  pyriform,  and  inclose  threads  with  dilated  extremities;  but 
these  are  never  connected  into  regular  bundles,  are  always  less 
numerous,  and  lie  irregularly  between  or  among  the  molecules, 
which  are  darker  and  larger  than  in  the  granular  matter  of  the 
genuine  c^st  of  the  seminal  animalcule.  These  formations  seem 
to  depend  on  and  to  denote  an  imperfect  production  of  sperma- 
tozoa, which  are  entirely  wanting  in  many  mules ;  when  they  do 
occur,  they  are  always  at  the  best  smaller  than  those  of  the  stock* 
bird,  measuring  the  twenty-fifth,  at  the  very  most  the  twentieth 
of  a  line  in  length.  Their  thicker  end  is  irregularly  formed,  now 
club-shaped,  and  again  and  more  commonly  elongated  or  bent  at 
the  point  (fig.  IV.  e) ;  they  never  exhibit  the  characteristic  cork- 
screw spiral.  The  vasa  deferentia  of  mules  always  remain  com- 
paratively empty,  even  when  the  testicles  acquire  considerable  size ; 
sometimes  they  are  altogether  wanting ;  in  cases  in  which  they  are 
most  largely  developed,  their  club-shaped  convoluted  extremities  in 
connexion  with  the  cloaca,  are  relatively  of  insignificant  size,  and 
their  contents  consist  of  granules  and  larger  globules,  similar  to 
those  of  the  testicle,  and  as  much  as  the  T^Tr^^  ^^  ^  ^^^  ^^  diameter ; 
of  dimensions  therefore  that  are  never  seen  in  other  perfect  birds. 
Proper  spermatozoa,  even  of  the  insufficient  size  and  imperfect 
forms  of  those  described  as  occurring  in  the  testicle,  are  never  to 
be  discovered  in  the  efferent  duct. 

§  13.  If  we  now  place  the  particulars  that  have  been  mentioned 
m  the  preceding  account  of  spermatozoa  under  general  points  of 
view,  the  following  are  the  conclusions  that,  in  the  present  state  of 
inquiry,  may  be  come  to : — 1,  spermatozoa  are  essential  elements 
of  the  spermatic  fluid,  and  always  exist  in  the  semen  that  is  capable 
of  engendering,  during  the  whole  of  the  limited  and  periodically 
i^tuming  season  of  heat  among  animals  in  general,  in  man  and 
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many  domestic  animals  during  the  period  of  their  highest  bodily 
perfection  (vide  §i  5) ;  2,  spermatozoa  form  the  principal  mass  of 
the  semen  perfectly  elaborated  (§  3)  ;  3^  spermatozoa  exhibit 
diversities  of  magnitude  and  form  that  are  constant^  among  which 
certain  general  types  in  relation  with  the  several  classes^  orders^ 
and  families  of  animals  are  not  to  be  overlooked^  and  which  in 
numerous  cases  are  characteristic  in  regard  to  the  individual 
species  (§  5) ;  4,  in  one  and  the  same  species  of  animal^  and  in 
the  same  individual^  no  more  than  one  determinate  form  of  sperma- 
tozoon is  ever  encountered ;  5^  nothing  like  a  determinate  internal 
organization  can  yet  be  said  to  have  been  certainly  discovered  in 
any  spermatozoon  (§  6) ;  6,  the  motions  of  the  spermatozoa  are 
extremely  various,  and  throughout  bear  the  character  of  volition 
(§  7) ;  7,  the  continuance  of  the  motions,  the  influence  of  different 
fluids,  of  temperature,  and  so  on,  vouch  for  an  independent  life  in 
the  spermatozoa,  which  is  only  dependent  in  a  certain  degree^ 
more  or  less,  on  that  of  the  animal  in  which  they  are  found  (§  9) ; 
8,  their  mode  of  development  is  cyclic,  and  occurs  in  harmony  with 
the  general  laws  of  animal  development,  with  especial  modifica- 
tions, and  having  certain  analogies,  to  that,  namely,  of  the  cer- 
caria  and  entozoa  (§  10) ;  9,  as  a  rule,  hybrids  produce  no  genuine 
spermatozoa  (§  12).  As  a  general  conclusion,  it  may  be  stated, 
that  spermatozoa  are  essential  elements  of  the  seminal  fluid,  and 
bear  a  specific  relation  to  the  generative  act ;  they  are  so  far  com- 
parable to  the  blood-globules,  which  present  themselves  in  the 
same  manner  as  essential  typically  oi^anized  constituents  of  the 
blood  amid  the  liquor  sanguinis,  just  as  the  spermatozoa  present 
themselves  amid  the  liquor  seminis.  Whether  they  are  really 
animals  or  not  cannot  now  be  determined  with  absolute  certainty, 
inasmuch  as  the  chief  criterion  of  animality — ^an  internal  organiza- 
tion, an  alimentary  apparatus,  &c. — has  not  up  to  the  present  time 
been  satisfactorily  demonstrated ;  their  independent  motions  and 
mode  of  development,  however,  speak  for  their  animal  nature.  The 
viewB  hitherto  entertained  in  regard  to  the  spermatozoa,  that  they 
are  mere  parasites,  accidental  entozoa,  collateral  effects  of  the 
reproductive  power,  &c.,  are  imlikely  and  hardly  tenable.  But 
whether  their  formation  may  be  most  readily  explained  by  the 
hypothesis  of  equivocal  generation,  or  by  that  of  parental  reproduc- 
tion— admitting  them  to  be  true  animals — ^is  at  present  doubtful ". 

^  TTieae  condasions  follow  as  consequences  from  the  obsenrations  and  facts 
adduced  in  the  preceding  paragraphs  of  the  text.  I  cannot,  therefore,  in  any  way 
assent  to  the  views  of  Burdach  and  Baer,  according  to  which  the  formation  of 
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§  14  Physical  and  Chemical  Analysis  of  the  Spermatic  Fluid. 

The  accounts  we  have  of  the  physical  peculiarities  and  chemical 
constitution  of  the  spermatic  fluid  are  for  the  most  part  either 
erroneous  or  defective,  inasmuch  as  it  has  hardly  yet  been  ex- 
amined in  a  state  of  entire  purity ;  indeed  it  is  hardly  possible  to 
procure  it  without  any  admixture  of  mucus  and  epithelial  scales  **. 
In  its  normal  state  it  is  a  thick,  tenacious,  whitish,  grayish,  or 
slightly  yellowish  coloured  fluid ;  it  is  heavier  than  water,  and 
forms  an  emulsion  when  shaken  up  with  it.  The  peculiar  odour 
usually  described  as  belonging  to  the  spermatic  fluid,  and  which  is 
commonly  likened  to  that  of  grated  bones,  most  probably  inheres 
in  one  or  other  of  the  fluids  with  which  it  is  mingled  at  the  moment 
of  ejaculation;  the  pure  seminal  fluid  both  of  man  and  animals 
appears  to  have  no  decided  or  peculiar  odour '^     Normally  the 


the  spenoatozoa  is  a  mere  collateral  effect  of  the  reproductive  power^  an  entozoic 
geoensy  which  occurs  most  abundantly  in  the  spermatic  fluid,  because  this 
among  aQ  the  organic  matters  and  secretions  is  endowed  with  the  highest  amount 
of  plasticity.  The  decision  of  the  question  as  to  the  mode  of  production  of  the 
Bperaiatosoaf  whether  it  is  parental  and  from  others  like  themselves,  or  equivocal, 
does  not  involve  aught  of  peculiar  interest  as  regards  them  in  a  physiological 
point  of  view.  I  allow  that  the  late  researches  of  Ehrenberg  and  of  Schwann, 
and  to  theirs  I  may  add  my  own,  take  away  almost  every  support  from  the 
assumption  of  an  equivocal  generation  in  regard  to  any  class  of  animals  whatso- 
ever; with  regard  to  the  Infusoria  in  particular,  I  now  declare  myself  entirely  of 
the  opinion  of  Ehrenberg.  All  inquiry  has  hitherto  failed  to  discover  in  what 
manner  the  entozoa  originate.  It  seems  impossible  that  their  ova  can  be  trans- 
ported by  the  circulation  and  deposited  in  determinate  places  suitable  for  their 
evolotion;  the  ripe  ova  of  the  smallest  human  entozoa  are  much  larger  than  the 
smallest  capillary  vessel;  the  smallest  ova  I  have  observed  are  those  of  the 
tenia  solium  (J^ih  of  a  line  in  diameter),  of  the  trichocephalus  dispar  (^th  of  a  line 
in  diameter),  and  of  the  ascaris  vermicularis  (^th  of  a  line  in  diameter),  and  the 
diameter  of  the  finer  capillaries  varies  from  the  ^th  to  the  ^ih  of  a  line  in 
diameter.  Various  hypotheses  might  be  started  in  regard  to  the  genesis  of  the 
spermatozoa,  and  supported  with  various  reasonings ;  upon  this  subject,  as  also 
on  that  of  equivocal  generadon,  I  refer  to  the  General  Physiology » (Book  IV.) 

^  AH  existing  analyses  of  animal  substances  have  little  value,  partly  because 
of  the  manner  in  which  they  are  usually  reported,  partly  because  of  the  imperfec- 
tion of  the  elementary  analyses,  and  partly  also,  and  this  applies  particularly  to 
the  semen,  the  blood,  &c.,  because  a  great  variety  of  most  heterogeneous  principles, 
wbidi  ought  to  be  separated  from  one  another,  and  reported  on  severally,  are 
Mended  together,  and  the  composition  of  all  is  given  under  one  category.  Micro- 
scopical analysis  ought  henceforth  to  go  hand-in-hand  with  that  whiclf  is  purely 
chonical. 

*  I  have  seldom  perceived  any  peculiar  smell  from  pure  spermatic  fluid,  and 
believe  that  in  many  cases  the  secretions  of  the  vesiculse  seminales,  of  the  prostate, 
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Spermatic  fluid  shows  weak  alkaline  reaction,  and  when  dried  and 
burned  it  exhales  an  ammoniacal  smell ;  the  ammonia,  however,  is 
s  product  of  the  decomposition,  and  is  only  formed  at  the  moment 
this  takes  place.  Chemical  analysis  shows  it  to  consist  of  albumen, 
pbosphatic  and  hydrochloric  sidts,  and  a  peculiar  animal  matter 
called  apermeUine,  No  kind  of  crystal  is  ever  found  in  fresh  semen; 
it  is  only  in  such  as  has  stood  long  that  salts  are  formed  and 
deposited  in  crystals,  which  on  examination  are,  usually  found  to 
consiBt  of  phosphate  of  lime  **. 

§  15.  Microscopic  Analysis  of  the  Ovum. 
The  place  of  formation  of  the  ova,  through  the  whole  animal 
series,  is  the  ovarium  or  female  testis,  as  it  used  to  be  styled  by 
the  older  writers.  The  ovaria,  in  the  vertebrata,  consist  of  a 
more  or  less  condensed  cellular  tissue,  which  not  uncommonly 
exhibits  a  coarsely  fibrous  texture,  in  the  interstices  of  which 
the  ova,  more  or  less  crowded  together,  are  imbedded  in  large 
round  cells   (fig.  VIII.).     This  nidus,  or  stroma,  is  in  general 

of  Cowper'i  gkads,  and  uf  the  other  accessory  ucerniDg  appaiHtua,  which  is 
often  HO  largely  developed,  give  rise  to  the  peculiar  odour,  ofteti  of  a  very 
penetrating  kind,  in  the  horse  for  ezainple,  which  is  remarked  as  belonging  to 
ejaculated  semen. 

*"  On  the  peculiar  properties  and  chemical  aoulysia  of  the  spermatic  fluid,  see 
Burdach,  op.  cit.  I,  110,  Benelius's  EUmentM  of  Animal  Chemulry  (Lthrb.  da- 
thieritekeTi  Chmie,  iibert.  von  Wiihler,  1B31,  S.  522),  and  Thomson  in  Todd's 
Cj/elcptedia,  II.  458.  In  the  human  spermatic  fluid  Vauquelin  found  ninety  parte 
of  water,  one  of  soda,  three  of  phosphate  of  lime,  traces  of  muriate  of  lime,  and 
six  of  a  peculiar  substance  (spemiBtine?].  These  substances  Lassaigne  also 
delected  in  ths  spermatic  fluid  of  the  hone,  and  in  addition,  muriate  of  magnesia, 
and  muriate  of  soda  and  of  potash ;  Fourcroy  and  Vauquelin  met  with  precisely 
similar  elements  in  the  aperma  of  fishes,  and  farther  phosphorus.  Gleicben  paid 
particular  attention  to  the  crystals  that  occur  in  the  seminal  fluid,  and  in  his 
work  quoted  above,  tab.  II.,  he  has  given  representationB  of  those  he  met  with  in 
that  of  the  hnman  subject. 


Fio.  VIII. 


Fio.  VIII.— Primary  ova  of  the  bird, 
magnified;  scarcely  to  be  seen  by  the 
naked  eye :— a,  stroma,  or  substance  of 
the  ovary,  composed  of  thick  fibres  ;  c, 
chorion,  or  theca  of  the  ovum,  so  thick 
aa  to  be  seen  in  the  guise  of  a  ring ;  b, 
yolk ;  d,  germinal  vesicle ;  e,  germinsl 
spot  The  structure  of  the  smaller  ovum 
is  the  same. 
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much  more  delicate  in  the  invertebrate  series,  and  the  little  ovules, 
in  closely  packed  masses,  fill  various  small  blind  ducts,  of  the 
aggregation  of  which  the  ovaries  consist.  Immediately  around  the 
cell  where  the  ovum  lies,  there  are  networks  of  blood-vessels,  which 
enter  the  theca  or  capsule  which  includes  each  individual  egg,  and 
are  ever  the  more  conspicuous  the  larger  and  riper  the  egg  is  (fig, 
XXIV.  i,  c)  *\ 

§  16.  The  OVUM  still  included  in  the  ovary  consists  of  the  follow- 
ing essential  parts,  which  are  presented  more  or  less  conspicuously 
even  in  those  of  the  smallest  size : — 1st,  an  external  transparent 
tunic  [chorion?],  without  perceptible, structure,  and  unfurnished 
with  blood-vessels,  but  very  generally  throughout  the  vertebrate 
series  of  animals  connected  with  the  ovary  by  a  particular  external 
lamina  composed  of  the  cellular  tissue  of  the  surrounding  nidus 
and  of  blood-vessels — ^the  capsule  or  theca  of  the  ovum  (fig.  VIII. 
c)  ";  2nd,  of  the  viteUus,  or  vitelline  globule,  the  proper  contents 
of  which  are  very  generally  transparent  and  developed  in  very 
moderate  quantity  in  the  smaller  ova,  but  subsequently  much 
increased  by  the  assiunption  of  new  matter,  and  separated  into 
different  elements ;  even  at  a  very  early  period  there  is  fonned 
around  the  vitellus  or  yolk  a  peculiar,  exceedingly  delicate  mem- 
brane without  perceptible  structure — ^the  vitelline  membrane  (fig. 
VIII.  b) ;  3d,  of  a  perfectly  spherical  transparent  vesicle,  sunk 
amidst  the  vitellus — the  germinal  vesicle — vesicula  proWfera  s.  ger^ 
minativa,  which,  besides  a  perfectly  colourless  fluid,  contains  one 
or  more  dark  corpuscules,  that  appear  as  nuclei  through  the  includ- 
ing membrane  in  the  shape  of  opaque  spots — ^the  germinal  spot 
— macula  germinativa  (fig  VIII.  rf,  e)  **• 

§  17.  llie  VITELLUS  or  yolk  in  almost  all  the  less  fonvard  ova 

*^  For  a  particular  account  of  the  form  and  structure  of  the  ovaria  in  the 
animal  kingdom  generally^  see  my  Elements  of  Comparative  Anatomy  (Handbwik 
der  vergleichenden  AnatomieJ,  and  the  paragraphs  that  follow. 

*^  To  obtain  conviction  of  the  existence  of  this  transparent  structureless 
chorion  [}'\,  the  ovary  of  one  of  the  invertebrate  animals — for  instance  theunio — 
should  be  selected.  In  the  higher  vertebrate  animals  this  chorion  [?]  under  the 
microscope  presents  itself  as  a  ring  of  variable  thickness ;  in  ova  more  advanced 
it  is  found  grown  to  the  external  vascular  capsule,  theca,  (the  later  calyx  of  the 
ova  of  birds,  amphibia,  and  fishes  (fig.  IX.  a,  e).  In  regard  to  the  structure  of 
the  ova  of  man  and  the  mammalia  see  farther  on. 

^  The  remarkable  and  prevailing  similarity  in  the  structure  of  the  ovum 
through  the  entire  series  of  the  animal  kingdom,  I  have  made  it  my  particular 
object  to  exhibit  in  my  Prodromus  Hiatoria  Generationis,  fol.  Lips.  1836.  The 
article  Ei  (ovum)  in  Ersch  and  Gruber's  Encyclopadie  may  also  be  consulted 
with  advantage,  as  a  commentary  on  what  has  here  been  said. 
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of  the  various  tribes  of  animals  is  a  transparent  colourless  fluids  in 
which  by  degrees  small  darker  granular  elements  are  developed. 
With  the  growth  of  the  ovum  larger  viteUine  globules  make  their 
appearance^  which  are  themselves  filled  with  smaller  granules  or 
molecules^  and  occasionally  also  with  a  few  scattered  larger  and 
darker  globules ;  mingled  with  these^  variable  numbers  of  oil  or 
fat  globules  may  be  discovered^  and  in  addition  and  everjrwhere 
interposed  between  the  vitelline  globules^  the  albuminous  colour- 
less fluid  in  small  quantity^  which  precedes  the  formation  of  the 
proper  elements  of  the  yolk.  The  elements  within  the  several 
vitelline  globules  undergo  a  gradual  change  as  the  ovum  continues 
to  advance  in  its  development.  In  the  centre  of  the  yolk  there  is 
a  kind  of  space  or  cell  which  is  filled  with  vitelline  matter  of  a 
lighter  colour  (fig.  IX.  i)  than  the  rest ;  from  this  there  proceeds  a 
canal  filled  with  the  same  matter  towards  the  siurface,  to  which  the 
germinal  vesicle^  having  quitted  the  central  parts  of  the  yolk,  has 
now  also  attained^  where  it  appears  imbedded  in  a  circular  layer  of 
the  yolk  of  a  paler  yellow  colour,  known  as  the  discus  prolifferus, 
discus  vUellinus  s.  stratum  proHgeruniy  (fig.  X.  b^  b).  The  globules 
of  this  discus  proligerus^  which  are  also  filled  with  smaller  globules, 
like  the  vitelline  globules  in  general,  are  distinguishable  under  the 
microscope  from  those  of  the  rest  of  the  yolk,  and  it  appears  that 
the  stratum  of  globules  lying  in  immediate  contact  with  the 
general  vitelline  membrane,  forms  a  particular  loosely  connected 
layer". 

**  The  description  here  given  applies  in  particular  to  the  yolk  of  the  bird's 
egg,  in  which  even  the  smallest  ova  are  found  already  full  of  dark  vitelline 
molecules,  which  rarely  happens  among  other  animals.  The  structure  and 
arrangement  of  the  elements  of  the  vitellus  form  one  of  the  most  difficult 
subjects  of  microscopical  investigation;  it  is  one,  therefore,  which  is  by  no 
means  to  be  held  as  exhausted.    It  is  especially  difficult  to  conclude  as  to  the 
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Fio.  IX. — Section  of  a  yolk  almost  ripe,  included 
in  its  theca  and  calyx: — b,  petiole  or  stalk  con- 
necting the  calyx  with  the  ovary :  a,  thicker  sub- 
stance of  the  calyx  united  with  the  theca  of  the 
ovum ;  c,  vitellary  membrane ;  d,  germinal  vesicle, 
which  by  and  by  becomes  the  cumulus  proligerus 
of  Boer,  the  nucleus  cicatriculae  of  Pander;  e,  pro- 
ligerous  disc ;  t,  central  cavity  of  the  vitellus^  its 
duct  proceeding  upwards. 
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§  18.  The  GERMINAL  VESICLE '^  is  veiy  large^  and  in  relation  to 
the  whole  mass  highly  developed  in  the  smallest  ova;  it  not  un- 

rdationship  between  the  finer  molecnles  and  the  vitelline  globules  and  their 
envelopes,  between  the  oil-globules  and  the  vitelline  globules,  and  so  on.  The 
mokcnles,  which  exhibit  lively  molecular  motions  when  the  vitelline  globules  are 
bunt,  are  partly  of  excessive  minuteness,  and  appear,  even  out  of  the  globules, 
to  be  suspended  in  vitelline  matter.  Baer  describes  the  elements  of  the  vitellus 
of  yolk  in  the  following  terms : — "  The  granules,  upon  which  the  yellow  colour 
of  the  substance  of  the  yolk  depends,  are  of  different  kinds.  Some  are  larger 
aod  pretty  regularly  globular ;  they  have  a  diameter  from  the  0,005th  to  the 
0,0125th  of  a  Hne,  and  themselves  consist  of  still  smaller  less  dissevered  granules. 
In  far  greater  numbers  appear  a  countless  multitude  of  granules,  of  such  minute- 
ness, that  even  under  a  high  magnifying  power  they  only  show  as  points,  without 
any  distinctly  determinable  forms.  Between  these  granules  in  point  of  dimen- 
sions there  are  others,  clearer  masses,  the  shape  of  which  is  not  regularly 
round,  but  generally  elongated,  which,  despite  their  clearness,  observers  agree 
in  supposing  not  to  be  hollow  vesicles,  in  which  case  they  would  also  be 
more  regular  in  their  form.  These  bodies  are  not  to  be  confounded  with  the 
glancing  clear  oil-globnles  which  are  always  met  with  as  elements  of  the  yolk, 
and  look  much  more  like  small  pieces  of  albumen.  There  is  still  a  fourth  kind 
of  corpuscule,  of  a  roimd  figure,  snaaller  than  the  sort  first  described,  and  con- 
taining in  its  interior  a  small  round  graqule  or  vesicle ;  this  fourth  kind  of  body 
is  generally  only  encountered  in  the  vicii^ity  of  the  central  cell."  History  qf  the 
EvobUum  tf  Jnimals  {Entvoickehmgsgesi^hichte  der  Thiere,  Bd.  II.  S.  19). 
Schwann  has  given  very  good  representations  of  the  yolk-globules  or  yolk-cells, 
nich  being  his  view  of  their  constitution.  Vide  his  Microscopical  Researches  on 
the  uniformity  in  the  structure  and  mode  of  growth  of  animals  and  vegetables 
{Vehrr  die  Einstimmung,  &c.  S.  65,  Berlin  1838).  Schwann  distinguishes  between 
the  globules  of  the  vitelline  cavity  and  those  of  the  yolk  in  general.  The  former 
occur  in  the  vitelline  canal,  and  in  the  spot  entitled  nucleus  cicatriculse,  or 
nucleus  of  the  tread.  They  present  themselves  as  perfectly  round  balls  or  globules 
with  smooth  margins,  which  contain  in  their  interior  a  smaller  globule  with  a 
sharp  contour  which  resembles  an  oil-globule.  The  globules  of  the  general 
substance  of  the  yolk  again  are  larger,  their  contents  are  granular,  mostly  with- 
out any  smaller  globule  as  a  nucleus ;  they  are  extremely  sensitive  to  the  action 
of  water.  Schwann  believes  that,  except  the  contents  of  the  yolk-globules,  no 
other  finely  granular  substance  occurs  free  as  an  element  of  the  yolk.  [On 
this  very  interesting  but  difficult  subject,  see  the  recent  work  of  Reichert  entitled. 
The  Life  of  Evolution  in  the  Vertebrata  {Das  Entwickelungsleben  im  Wirbelthief' 
reiek.  Berlin,  1840.)  pp.  87  et  sqq.].  The  synonyms  of  the  stratum  proligerum 
are  rather  numerous  and  confusing.  Baer,  too,  distinguishes  in  it  the  flatter, 
discoidal  portion  under  the  title  of  discus  proligents  ;  the  middle  portion  of  the 
same  stratum,  again,  which  is  thicker,  and  stretches  under  the  germinal  vesicle 
into  the  yolk  (fig  X.),  is  named  by  Baer  the  cumulus  proligerus,  and  by  Pander 
the  nudeus  dcairicuke,  or  nucleus  of  the  tread  j  I  have  spoken  of  the  whole  for- 
mation in  my  Prodromus  under  the  name  of  the  discus  vitellinus.  Consult 
i  47,  where  the  structure  of  this  part  is  described  in  the  new-laid  egg. 

*  The  discoverer  of  the  germinal  vesicle  is  Porkinje,  after  whom  this  part  has 
also  been  called  the  vcsicula  Purkinji.     It  is  fully  described  by  him  in  his  Sym^ 
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frequently  constitutes  a  full  half  of  the  entire  ovulum.  The  yolk 
with  its  including  membranes  then  surrounds  it  pretty  tightly. 
This  vesicle  lies  at  first  at  or  near  the  centre  of  the  ovulum ;  but 
in  the  same  proportion  as  the  yolk  in  general  advances  in  its 
growth,  the  vesicle  is  found  to  approach  the  periphery,  until  it  is 
immediately  under  the  vitelline  membrane,  where  it  lies  imbedded 
in  the  middle  of  the  disciform  granular  mass  named  discus  prolige- 
ru8  s.  vitellinus,  the  subsequent  stratum  prolifferum.  The  vesicle 
is  sunk  in  a  depression  of  the  vitelline  disc,  but  extends  somewhat 
beyond  this  superiorly,  and  tending  towards  the  inner  aspect  of 
the  vitelline  membrane  (fig.  X.  B);  the  germinal  vesicle  may 
therefore  be  seen  even  with  the  naked  eye  in  middle-sized  ova,  in 
which,  generally  speaking,  it  has  already  attained  its  full  develop- 
ment, shining  through  the  vitelline  membrane  towards  the  middle 
of  the  vitelline  disc  (fig.  X.  B).  It  is  completely  spherical,  but 
becomes  flattened  in  many  animals,  frogs  among  the  number,  at  a 
late  period*'.  It  consists  of  a  simple  structureless,  perfectly  trans- 
parent, and  extremely  thin  membrane,  which,  however,  is  not 

bola  ad  ovi  amum  historiam  ante  incubationem,  4to.  Lips.  1830,  and  figured  in  his 
first  plate.  See  the  comprehensive  article  Ex  by  the  same  writer  in  the  Eneyeh- 
pmdisches  Worierbuch,  B.  X.  S.  107  (1834).  Representations  of  the  germinal 
vesicle  and  macula  in  ova  at  an  early  period  will  be  found  in  my  Prodromus,  and 
article  £t  in  Ersch  and  ember's  Encyclopasdia. 

*^  The  bedding  of  the  germinal  vesicle  in  a  pore  or  depression  of  the  discus 
vitellinus  or  proligerous  disc,  and  its  appearance  through  the  vitelline  membrane, 
are  particularly  conspicuous  in  birds,  lizards,  and  serpents ;  in  the  riper  ova  of 
the  frog  the  germinal  vesicle  appears  as  a  relatively  large  flattened  body,  under 
the  black  vitelline  or  proHgerous  disc ;  to  obtain  a  view  of  it,  an  ovulum  must 
be  opened  with  fine  scissors,  when  it  will  generally  be  found  to  escape  and 
become  perfectly  visible  to  the  naked  eye.  A  perpendicular  section  through  ova 
that  have  been  hardened  for  a  short  time  in  acetic  acid,  exhibits  the  relative  po- 
sitions of  the  parts  very  plainly.  See  my  Contributions  to  the  History  of  Genera- 
tion, ^c.  (Beitrage  tab.  II.  fig.  6.)    The  relations  are  similar  in  the  salamander. 


Fio.  X. 


Fio.  X. — J,  ideal  section  of  part  of  the 
yolk  of  a  hen's  egg  expelled  from  the  ovi- 
duct; a,  vitelline  membrane;  b,  germ 
(blastos);  d,  cumulus  proligenis:  these 
parts  are  represented  as  more  remote  from 
one  another  than  they  are  in  nature.  Bp 
ideal  section  of  part  of  the  yolk  before  its 
separation  from  the  ovary ;  a,  vitelline  mem- 
brane; 6,6,  discus  proligerus;  c,  germinal 
vesicle. 
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without  some  degree  of  elasticitj^  and  a  power  to  resist  pressure 
that  is  not  too  violent.  It  is  completely^  and  even  tightly  distended 
with  a  perfectly  colourless  and  limpid  fluid,  the  albuminous  nature 
of  which  is  proclaimed  by  its  coagulating  in  alcohol  and  acids. 

Besides  what  has  now  been  described,  in  man,  the  mammalia, 
birds,  the  scaly  amphibia,  and  many  invertebrate  animals,  an 
opaque  spot  is  observed  upon  a  particular  part  of  the  germinal 
vesicle;  this  is  the  macula  obrminativa,  the  germinal  spot  (fig. 
VIII.  ey  fig.  XI.  dy  figs.  XV  and  XVI.  g).  Attentively  studied,  the 
germinal  spot,  even  in  the  smallest  ova,  in  which  indeed  it  is  often 
most  conspicuous,  presents  itself  as  a  rounded,  granular  formation, 
attached  to  the  inner  wall  of  the  membrane  of  the  germinal  vesicle  *^ 
It  happens  not  unfrequently  that  amidst  the  finely  granular  tissue 
of  which  the  germinal  spot  consists,  a  few  lai^r  molecules  may  be 
distinguished;  occasionally  it  has  even  the  appearance  as  if  it  were 
surrounded  by  a  delicate  and  closely-applied  covering  or  capsule^'. 
Under  pressure,  or  when  rolled  about,  the  germinal  vesicle  assumes 
different  forms*".  In  many  animals,  as  for  instance  in  naked  amphibia, 

^  To  gain  a  goDeral  idea  of  the  structure  of  an  ovarian  ovum,  one  of  the  inver- 
tebrate animals — an  anodonta,  or,  still  better,  an  unio — should  be  chosen.  Here 
there  is  no  difficulty  in  distbguishing  an  outer  coat,  membrana  externa  s.  chorion 
[?],  surrounding,  at  a  greater  or  less  distance,  the  vitellus  or  yolk,  which  is  to  be 
understood  as  included  in  its  own  peculiar  covering,  the  membrana  viteUina  :  the 
▼itellus  will  be  observed  including  an  extremely  beautiful,  pellucid,  and  large 
germinal  veside,  whose  figure-of-eight  formed  germinal  macula  is  particularly 
distinct.  Vide  my  Prodromus,  tab.  I.  fig.  5.  In  the  ova  of  the  spider  and  snaiJ, 
the  structure  is  also  very  distinct. 

*  'Hie  germinal  maciUa  appears  in  many  animals  to  be  surrounded  by  a  parti- 
cular covering,  a  circumstance  which  I  have  often  remarked  in  spiders,  but  which 
I  have  seen  with  unusual  plainness  in  julus. 

*  I  have  succeeded  in  pressing  the  germinal  macula  as  a  pulpy  or  semi- 
consistent  body  into  dififerent  shapes,  with  more  than  usual  ease,  in  the  ova  of 
lepidoptera.    Vide  Prodronnu,  tab.  II.  fig.  22. 


Fio.  XI. 


Fio.  XI. — Section  of  an  immature  ovum  of 
the  rabbit,  which  may  be  compared  with  fig. 
VIII ;  a,  a,  stroma ;  b,  b.  Graafian  vesicle,  in  its 
centre  the  ovulum  c,  and  in  the  centre  of  this 
again  the  germinal  vesicle  (/,  in  which  the  ger- 
minal spot,  constituted  by  a  congeries  of  gra- 
nules, is  situated. 
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the  bony  fishes,  and  several  of  the  invertebrate  series,  a  considerable 
number,  often  as  many  as  from  eight  to  ten  dark  round  maculae  may 
be  seen  in  the  germinal  vesicle  of  even  the  smallest  ova,  as  the  optical 
expression  of  certain  small  globular-shaped  formations,  attached  to 
the  inner  aspect  of  the  paries  of  the  vesicle  through  its  whole  extent. 
These  maculae  are  of  a  somewhat  more  sluggish  or  oleaginous  con- 
sistency than  the  germinal  macula  itself  in  other  cases,  and  it 
frequently  enough  occurs  that  among  them  one  laiger,  more 
opaque,  and  granular-looking  body  can  be  distinguished,  which 
perhaps  were  correctly  viewed  as  the  true  macula  germinativa**. 
Even  in  those  cases  where  the  germinal  macula  never  occurs  save 
singly,  numbers  of  new  granulations  in  the  shape  of  small  dispersed 
globules  may  be  occasionally  observed  in  the  smaller  ova,  and 
almost  invariably  in  those  that  are  farther  advanced,  produced  upon 
the  inner  wall  of  the  germinal  vesicle,  by  the  growth  of  which  the 
originally  larger,  more  conspicuous,  and  more  opaque  germinal 
macula  is  rendered  indistinct  or  totally  obscured". 

§  19.  It  is  extremely  difficult  to  speak  decidedly  with  regard  to 
the  successive  formation  of  the  several  elements  of  the  ovum,  as 
these  are  described  in  the  preceding  paragraphs.  A  general  com- 
parison of  the  formation  of  ova  in  the  animal  kingdom,  shows  that 
the  germinal  vesicle  and  macula  are  the  parts  which  soonest  attain 
their  complete  development ;  in  insects  it  even  seems  that  in  the 
first  instance  these  two  elements  only  are  produced,  and  that  the 
vitellus  or  yolk  is  deposited  around  them  at  a  subsequent  period. 
In  general,  too,  the  external  velamina  or  covering — ^the  chorion  or 
general  envelope  of  the  ovum,  and  the  vitellary  membrane  or  spe- 
cial envelope  of  the  yolk — are  encountered  at  a  very  early  period, 
as  also  a  very  small  quantity  of  vitellary  matter ;  but  the  germinal 
vesicle  still  forms  the  principal  part  of  the  ovum  ".     Occasionally 

^  To  observe  this  formation  as  it  appears  of  numerous  rounded  germinal  ma- 
cuke,  let  the  ovary  of  a  frog  or  fish,  or  cray-fish,  be  chosen.  Vide  Prodromus, 
fig.  xvi,  XXV,  and  xxvi.  In  the  trout,  and  others  of  the  salmonidse,  I  have  fre- 
quently discovered  a  larger  macula,  or  body  of  a  difiTerent  appearance,  which  was 
perhaps  the  proper  germinal  macula. 

'^  Examples  of  this  will  be  found  in  the  Prodromw,  fig.  xxiv.  and  xxvii. 

'*  Examples  of  this  kind,  in  which  the  yolk  is  still  very  slightly  developed,  and 
the  germinal  vesicle  composes  the  principal  part  of  the  ovum,  may  be  seen  in 
my  Prodromus,  in  the  asterias,  for  instance  (fig.  III.) ;  and,  again,  in  insects, 
fishes,  and  even  frogs.  The  successive  development  of  the  several  parts  of  the 
ovum  can  be  very  advantageously  studied  in  the  tubular  qvaria  of  insects ;  in 
the  agrion,  for  example,  tab.  II.  fig.  1,  of  my  Beitr'dge,  Still,  even  in  the  small- 
est of  these  ova,  the  vitellus  or  vitellary  vesicle  is  to  be  distinguished  as  a  cover- 
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it  seems  as  if  even  in  the  ovary  there  were  a  small  quantity  of 
albumen  formed  between  the  chorion  [?]  and  vitellary  membrane, 
namely^  at  that  point  where  the  chorion  with  the  whole  ovum  is 
about  to  pass  from  the  ovaiy  into  the  oviduct^  uterus^  or  particular 
receptacle  of  the  ova ".  In  those  cases,  however,  in  which  the 
chorion  p],  as  in  the  ovipositing  vertebrata,  is  connected  with  the 
outer  capsule  formed  of  the  stroma  or  substance  of  the  ovary,  and 
remains  behind  under  the  name  of  the  calyx,  after  the  escape  of 
the  ovum,  the  albumen  is  always  secreted  subsequently  in  the 
oviduct,  in  the  course  of  which  it  accumulates  around  and  in- 
cludes the  vitellus  *^  The  germinal  vesicle  may  be  viewed  as  a 
cell — ^as  the  primary  cell — of  which  the  germinal  spot  forms  the 
nucleus ;  so  that  it  would  perhaps  be  well  to  style  the  germinal 
£pot  the  germinal  nucleus  —  nucleus  germinativus.  This  nucleus 
disappears  when  new  granulations  are  evolved  in  the  contents  of  the 
cell  (the  fluid  of  the  germinal  vesicle).  The  primary  cell  lies 
within  another  cell,  the  vitellary  cell,  the  contents  of  which  in  their 
turn  become  filled  with  new  cells — ^the  vitellary  globules.  The 
outermost  cell,  in  which  both  of  these  principal  cells  are  included, 
would  then  be  the  chorion  [?]  and  the  ovarian  capsule  or  theca  **• 

ing  or  envdope  to  the  germinal  vesicle.  Whether  the  annular  formations  having 
a  nudeos  in  their  interior,  which  lie  one  behind  another  in  the  fine  capillary 
terminations  of  the  ovaria,  are  to  be  considered  as  germinal  vesicles,  or  not,  is  a 
question  still  undecided.  See  the  account  of  these  in  the  proper  place.  [It  may 
here  be  mentioned,  that  the  observations  of  Dr.  Martin  Barry  confirm  the  opinion 
that  the  germinal  vesicle  is  the  primitive  portion  of  the  ovum.  The  conclusions 
of  this  able  observer  will  be  mentioned  further  on.  Vide  his  Researches  in 
Embryology,  Phil.  Trans.  1838,  p.  308.  R.  B.  T.] 

^  This  at  least  appears  to  be  the  case  in  the  mytilacea :  if  the  ova  of  these  ani- 
mals be  put  into  water,  a  space  of  greater  or  less  extent  is  discovered  between 
the  vitellus  and  the  chorion  [?],  which  is  perhaps  occupied  with  albumen.  Vide 
Prodromm,  fig.  V. 

^  The  formation  of  the  albimien  in  the  oviduct  is  very  easily  followed  in  the 
class  of  birds,  and  will  be  spoken  of  more  fully  in  our  history  of  the  development 
of  the  embryo. 

^  The  highly  ingenious  views  and  masterly  researches  of  Schwann,  led  to  the 
above  attempt  to  explain  the  diflTerent  parts  of  the  ovum,  of  the  germinal  vesicle 
in  particular.  Schwann  believes  that  the  same  law  must  be  admitted  in  regard 
to  the  elementary  form  of  the  animal  tissues,  as  that  which  Schleiden  pointed  out 
as  obtuning  among  vegetables.  Every  formation  consists  of  cells,  which  have 
acentric  nuclei,  which  may  subsequently  disappear,  an  event  that  especially 
happens  when  new  cellular  elements  are  evolved  in  their  vicinity.  The  nucleus, 
or  that  which  is  regarded  as  the  nucleus,  is  often  found  itself  to  inclose  nuclear 
corpnscules  in  its  interior.  The  membrane  of  these  cells  is  often  difficult  to  be 
dictbguished  i  for  example,  when  it  is  extremely  thin,  when  the  nucleus  lies  very 
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§  20.  The  ovum  in  man  and  the  mammalia  exhibits  the  same 
general  elementary  structure  as  in  other  lower  animals^  yet  with 
such  modifications  as  make  a  separate  account  of  it  indispensable. 
The  most  remarkable  peculiarity  in  man  and  the  mammalia  is  the 
extraordinary  minuteness  even  of  those  ova  that  are  farthest 
advanced,  a  circumstance  which  depends  on  the  very  small  quan- 
tity of  vitellus  entering  into  their  constitution.  The  ripest  ovum 
in  the  ovary  of  the  human  siibject,  and  of  the  mammalia,  generally 
measures  no  more  than  from  the  fifteenth  to  the  twentieth  part  of 
a  line  in  diameter ;  it  happens  very  rarely  indeed  that  they  are  seen 
so  much  as  the  tenth  of  a  line  in  diameter ;  so  that  they  are  only 
to  be  distinguished  with  extreme  difficulty  with  the  naked  eye ; 
this  is  the  reason  why  they  were  so  long  overlooked,  or  mistaken, 
and  why  it  is  only  in  very  recent  times  that  they  have  been  studied 
with  reference  to  their  intimate  and  more  delicate   structure"*. 

close,  and  so  forth.  In  the  majority  of  cells  the  nucleus  is  absorbed  at  a  later 
period ;  it  is  only  in  a  few  that  it  remains  as  a  permanent  formation ;  in  tbe  in- 
terior of  older  cells  younger  ones  are  very  commonly  evolved.  In  the  application 
of  tbis  law  to  tbe  particular  case  of  tbe  germinal  vesicle,  Schwann  proposes  many 
questions,  and  expresses  bimself  as  in  doubt  whether  to  consider  tbe  germinal 
vesicle  as  a  young  cell,  and  tbe  germinal  macula  as  its  nucleus,  or  to  view  tbe 
whole  germinal  vesicle  as  tbe  nucleus  of  tbe  vitelline  cell.  Vide  Schwann,  On 
the  Untformity  in  the  Structure  and  Mode  qf  Growth  among  Animals  and  Vege- 
tables, p.  50.  That  tbe  germinal  vesicle  is  no  proper  nucleus,  I  think  probable 
on  many  grounds :  frequently  it  appears  that  tbe  germinal  spot,  as  germinal 
nucleus,  actually  contains  small  nucleoli.  Vide  Prodromus  Hist.  Generat.  tab. 
II.  fig.  30,  b. 

^  llie  true  discoverer  of  tbe  primary  ovum  of  mammalia  is  von  Baer :  EpiS' 
tola  de  Ovi  MammaUum  et  Hominis  Genesi,  4to.  lips.  1827.  It  seems  probable, 
bowever,  that  De  Graaf  and  Prevost  and  Dumas  bad  seen  it  previously.  Von 
Baer  was  not  acquainted,  at  tbe  time  be  wrote  bis  Epistola,  with  tbe  more  delicate 
and  true  structure  of  tbe  ovum ;  be  in  fact  assimilated  tbe  whole  ovum  of  mam- 
malia to  tbe  germinal  vesicle  of  birds,  &c.  and  mistook  tbe  granular  layer  of  tbe 
Graafian  vesicle  for  tbe  vitelline  or  proligerous  disc.  [Purkinje,  bowever,  tbe 
discoverer  of  tbe  germinal  vesicle,  expressed  bis  doubts  of  tbe  correctness  of  tbis 
opinion  of  Baer,  and  stated  bis  belief  tbat  tbe  ovulum  of  Baer  was  analogous  to 
tbe  yolk  with  its  contents.— Art.  £i  in  Berliner  Worterbuch.  R.  B.  T.]  A  great 
advance  was  made  wben  tbe  germinal  vesicle  was  discovered  in  tbe  ovum  of 
tbe  mammiferous  animal,  tbe  fact  of  its  exbtence  being  announced  almost  simul- 
taneously by  Coste  {Beeherches  sur  la  G^niration  des  Mammtfhres,  4to,  Paris, 
1834),  and  Bernhardt  witb  tbe  co-operation  of  Valentin  {SymboUt  ad  Ovi  Mamma- 
Hum  ante  pragnationem,  4to,  Vratislav.  1834).  Tbe  work  of  Bernhardt  and 
Valentin  contains  at  once  tbe  first  accurate  account  and  faithful  representation  of 
tbe  structure.  I  was  myself  the  first  to  discover  tbe  germinal  macula ;  I  also 
described  and  figured  tbe  whole  ovum  in  its  successive  stages  witb  greater  care 
and  sequence  than  had  yet  been  done.  Vide  my  Prodromus,  and  Beitrdge,  where 
an  historical  account  of  all  tbe  discoveries  connected  witb  the  ovum  of  mammalia 
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Another  remarkable  peculiarity  consists  in  the  manner  in  which 
the  ova  are  contained  in  the  ovaria;  instead  of  being  in  immediate 
contact,  by  means  of  their  chorion,  or  outer  envelope,  with  the 
ovarian  nidus^  as  in  other  animals^  they  are  here  found  included  in 
other  larger  rounded  cells,  the  Graafian  vesicles  or  follicles. 
These  cells^  one  or  more  lines  in  diameter^  lie  like  the  capsules  in 
the  stroma  or  nidus  of  the  ovaries^  and  glisten  through  the  peri- 
toneal covering  of  these  bodies ;  they  also  not  unfrequendy  rise 
above  the  general  level  of  the  ovary^  and  form  globular  elevations 
upon  its  surface,  as  is  seen  in  the  representation  of  the  ovary  of  the 
common  sow  (fig.  XII.  c,  Cy  c).  If  the  stroma  is  extremely  delicate 
or  scanty^  the  Graafian  follicles  even  appear  as  pediculated  globules, 
a  structure  which  occurs  in  the  common  mole,  and  in  a  still  greater 
d^;ree  in  the  omithorhynchus  (fig.  XIII.  a,  a),  where  the  ovaiy 
comes  to  assume  a  strong  resemblance  to  that  of  birds  *^    The 

is  given.  See  also  the  account  in  Valentin's  Handbuch  der  Eniunckekmgsge^ 
tdtidUe,  S.  9.  and  the  observations  of  Krause  in  MuUer's  Arehwfur  1837»  S.  36. 
[The  dates  of  the  observations  by  which  the  existence  of  the  germinal  vesicle 
in  the  ovnm  of  the  mammifera  was  determined,  are  these  :— Costs,  Recherches,^c. 
Paris,  1834;  Bernhardt  and  Valentin,  SymboUe,  SfC,  Vratislav.  1834.  Wagner, 
Emige  Bemerkungen  uber  das  Keimblaseken,  in  Miiller's  Archiv,  1835,  (sent  in 
1834) ;  T.  W.  Jones,  On  tbs  Ova  of  Mas,  8cc,  ;  paper  read  before  Royal  Society 
1835;  Observations  made  Sept.  1834  ;  printed  abridged  in  Abstract  of  proceed- 
ings for  the  year,  and  in  fuD,  in  Lond.  Med.  Gazette,  1838.    R.  B.  T.] 

*^  Tlie  ovum  of  the  human  subject  differs  in  no  respect  from  that  of  the  mam- 
malia generally.  Vide  Prodnnnus,  fig.  zzxiii.    It  rarely  happens  that  we  have 


Fig.  XII. 


Fig.  XII.^ Ovarium  of  the  sow,  with 
corpora  lutea  of  recent  and  older  date : 
a,  0,  large  reddish-purple  coloured  cor- 
pora lutea,  about  eight  days  after  the 
bursting  of  the  Graafian  follide ;  b,  b, 
corpora  liitea  of  later  date ;  c,  c,  promi- 
nent mature  Graafian  vesicles. 


Fie.  XIII. 


¥ig,  XIII. — Ovarium  of  the  ormthorkynchus 
paradoxus,  after  Owen  (PhUas.  Trans,  1834,  pi. 
zxv.) :  a,  a,  a,  three  Graafian  vesicles  much 
enlarged,  in  consequence  of  impregnation ;  b, 
smaller  nnimpregnated  Graafian  vesicles. 


Graafian  vesicles  conaist  of  a  double  membrane,  the  outermost  of 
which  is  extremely  vascular,  whilst  the  inner  layer  is  velvety  in  ap- 
pearance, from  being  endued  with  an  epithelial  covering.  The  in- 
ternal space  or  cavity  of  the  vesicles  is  very  far  from  being  filled 
by  the  ova,  which  are  relatively  much  smaller;  they  contain,  in 
addition,  a  whitish,  or  yellowish,  thick,  albuminous  mass,  which 
under  the  microscope  appears  to  consist  mainly  of  minute  granules, 
from  the  200th  to  the  300tb  of  a  line  in  diameter.  These  granules 
are  generally  connected  by  means  of  a  tenacious  fluid;  they  are 
particularly  coherent  in  the  precincts  of  the  ovum,  which  is  in  fact 
imbedded  in  a  discoidal  condensed  mass  of  these  granules,  precisely 
aa  the  germinal  vesicle  is  imbedded  in  birds  and  other  still  lower 
animals  in  the  germinal  or  vitelline  disc  (tig.  XV.  d,d.  figs.  LXII. 
andLXIII.  a).  This  granular  disc  continues  attached  in  a  greater  or 
less  degree  to  the  ovum,  when  it  is  removed  from  the  Graafian  vesicle 

BD  opportuoit]'  of  exBiniiuiig  a  human  body  in  so  recent  a  state  aa  to  admit  of 
the  germiDal  veaicle  being  seen.  Among  the  Msmmalia,  the  cat,  dog,  aad  rabbit, 
are  the  best  aubjecta  for  commenciiig  observatioiu  upon.  The  Ruminantia  are 
not  BO  good.  In  the  bitch  the  yellowish  ovum  may  be  seen  shining  through  the 
peritoneal  CQreriug  of  the  ovary  and  the  thin  membrane  of  the  Graafian  vesicle. 


Fia.  XIV. 


Fir.  XI  v.— Portion  of  the  ovary  of  the  onti- 
fior^mcAiw  magnified,  after  Owen  (PkUo*. 
Traof.  1B34.  pi.  ixv.) :  a,  stroma  of  the  ovary; 
b,  a  Graafian  vesicle  which  has  burat,  and  suf- 
fered its  ovum  (o)  to  escape  (this  Graafian 
vesicle  is  in  the  course  of  chuige  into  a  corpus 
luteum);   d,  d,d,  aectkuu  of  entire  Graafian 


Vig.  XV.— Ideal  section  of  a 
ripe  ovum  of  a  mammal  (the 
rabbit)   la  lUu  in  the  ovary : 


the  ovary;  b,  double  tunic  of 
the  Graafian  follicle ;  c,  its  con- 
tents, which  at  d,  d,  form  a 
granular  disc,  in  which  the 
ovulum,  t,  is  embedded ;  /, 
yolk  i  g,  gemunal  veucle  with 
the  germinal  macula. 


MICROSCOPIC    ANALYSIS    OF    THE    OVUM.  47 

(%■  XVI.  a,  a;  and  Bgs.  LXII.  and  LXIII.  a),  but  the  irr^ular 
and  torn  edges  show  that  the  appearance  presented  is  due  to 
violence ;  and,  in  fact,  it  would  seem  that  this  disc  is  continued  as 
a  membraniibrm  granular  lajer  under  the  inner  membrane,  so  as  to 
form  a  sort  of  loose,  easily-rent  capsule  or  covering  to  the  other 
contents  of  the  follicle  ".  The  granules  present  a  finely  granular 
appearance,  and  are  decomposed,  but  not  very  distinctly,  on  the 
addition  of  acetic  acid  to  them,  into  a  transparent  envelope  and  a 
darker  nucleus  (tig.  LXIII.  B.b).  In  quite  ripe  ova  (fig.  LXIII. .4 
and£)  these  granules  may  be  observed  as  distinctly  oval  cells, 
distended  with  very  minute  molecules,  and  united  into  a  membrane. 
K  we  examine  this  granular  membrane  in  the  bitch  for  instance,  in 
ova  that  have  begun  to  enlarge  after  impregnation,  but  that  have 
not  yet  escaped  from  the  Graafian  follicles  (fig.  LXIII,  fi),  the  cells 
appear  with  exceedingly  delicate  parietes  and  clear  nuclei,  extremely 
like  the  pigmentary  cells  of  the  choroid  coat  of  the  eye.  Between 
the  granules  we  observe  a  variable  number  of  pretty  clear  spaces, 
which  are  obviously  due  to  little  globules  of  a  very  pale-<»loured 
&t  or  oil  (fig.  XVI.  b,  b,  b).  When  still  very  smajl  and  immature, 
the  ovum  lies  in  the  middle  of  the  follicle  (fig.  XI.  c) ;  when  fully 
formed,  on  the  other  band,  it  lies  immediately  under  the  inner  coat 
of  the  follicle,  imbedded  in  its  granular  disc  (fig.  XV.  e) .    To  study 

**  I  WM  long  in  doubt  whether  such  an  external  membraniform  granular  layer 
eiiiled  or  not ;  it  was  not  until  aAer  Bischoff  had  declared  hit  opinion  in  favour 
of  its  eziatence  that  I  ladsfied  myself  of  its  presence.  Baer  describes  thiri 
gnnnlar  layer  in  the  second  volume  of  bis  Enlwkktltmg^etehiehle,  p,  179,  under 
the  name  of  the  iC^nurhimt,— 


Fi«.  XVI. 


Fig.  XVI.— Ripe  ovum  of  the  Rabbit, 
taken  from  the  Graafian  vesicle,  sur- 
rounded by  its  proligerous  disc  a,  a, 
the  edges  of  which  are  ragged  and  irre- 
gularly notched  ;  the  clear  parts,  b,  oc- 
curring among  the  granules,  are  pale  oil 
globules;  c,  the  thick  chorion [!],  or 
Mtma  ptUaeida,  surrounding  the  vitel- 
lus,  t.  The  yolk,  «,  in  this  instance, 
is  seen  distinctly  separated  from  the 
zona,  and  surrounded  by  a  membrana 
propria,  or  perhaps  an  outer  superficial 
layer  of  granules  (the  vitelline  mem- 
brans!  germ?);  /,  germinal  vesicle; 
g,  germinal  spot.  Vide  Ggs.  LXII.  and 
LXIII. 
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the  minute  structure  and  the  several  parts  of  the  ovum  more  par* 
ticularly^  a  magnifying  power  of  between  three  and  four  hundred 
diameters  must  be  employed^  under  which^  with  the  aid  of  gentle, 
not  violent  pressure,  the  entire  structure  becomes  visible.  The 
ovum  is,  in  the  first  place,  surrounded  by  a  thick  white  ring  (fig. 
XVI.  Cy  and  fig.  LXII.  and  LXIII.  i),  which  internally  and  ex- 
ternally is  boimded  by  a  simple,  dark  outline.  This  ring,  by  some 
entitled  zona  peUucida,  by  others  regarded  as  a  space  filled  with 
albumen  **,  appears  to  be  really  nothing  more  than  the  optical  ex- 
pression of  a  thick  external  membrane — of  the  chorion  [PJ^  in  a 
word ;  it  is  highly  dilatable,  so  that  the  clear  ring  it  presents,  ap- 
pears thicker  or  thinner,  in  the  same  ovum,  as  the  pressure  made 
upon  it  is  lessened  or  increased ;  it  is  perfectly  transparent,  and 
shows  no  trace  of  structure.  Normally,  the  yolk  or  vitelline  glo- 
bule is  in  immediate  contact  with  the  chorion  [?],  but  in  very  ripe 
ova  it  occasionally  though  rarely  happens,  that  a  space  may  be  dis- 
tinctly seen  between  the  inner  aspect  of  the  chorion  and  the  outer 
aur&ce  of  the  yolk  (fig.  XVI.  d),  which  enlarges  a  little  by  the  im- 
bibition of  water.  Here,  then,  it  is  also  obvious  that  the  vitellus 
is  bounded  by  a  peculiar  covering,  a  twdca  propria^  which  appears 
to  be  a  membraniform,  external  granular  layer  (the  analogue  of  the 
stratum  proUgerum  of  the  bird's  egg  ?  of  the  proper  vitellary  mem- 
brane ?)  ~. 

The  vitellus  consists  of  a  finely  granular  mass,  amid  which  large 
globules,  and,  in  thoroughly  ripe  ova,  small  clear  globules  of  oil  are 
scattered.  The  superficial  layer  of  the  vitellus  appears  to  consist 
of  granules  larger  in  size  and  more  closely  compacted  or  united 
than  elsewhere.  Internally,  that  is,  around  the  germinal  vesicle, 
perhaps  also  in  the  centre,  the  vitellus  is  a  clear  albuminous- 
looking  fluid  almost  devoid  of  granules  (fig.  L^II.  immediately 
around  the  germinal  vesicle)  *\ 

^  Valentin  and  Bernhardt  call  this  ring  fpatwan  peUucidum  s,  zona  peUucida,  De- 
spite the  positive  statement  of  that  excellent  anatomist  Krause  (Mailer's  Archiv^ 
1837),  that  the  zona  peUucida  is  a  stratum  of  albuminous  flmd  included  in  a 
distinct  delicate  membrane,  I  am  obliged  to  say  that  I  cannot  agree  vnih  this 
view,  supported  as  it  is  by  the  authority  of  Schwann;  the  rather  as  I  find  that 
Bischoff,  who  has  taken  great  pains  with  this  subject,  entertains  the  same 
opinion  as  myself.  In  ova  that  have  been  burst,  I  can  always  trace  the  rent 
traversing  it  l&g.  LXIII.  c.)- 

w  The  space,  and  this  is  very  different  in  different  cases,  between  the  vitellus 
and  the  chorion,  is  perhaps  filled  up  by  a  very  thin  stratum  of  albumen.  By  and 
by,  in  our  history  of  Development,  this  point  will  be  investigated. 

'^  This  clear  fluid,  surrounding  the  germinal  vesicle  immediately,  is  distinctly 
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The  germinal  vesicle  (figs.  XVI./;  XVII.  ^;  LXIIL  d)  usually 
appears  as  a  clear  ring,  and  in  ripe  ova  lies  immediately  under  the 
vitelline  membrane  [?]  and  inner  waU  of  the  chorion  [?].  With  a 
little  dexterity  the  ovum  may  be  burst,  and  the  germinal  vesicle 
forced  out  uninjured  (fig.  LXIIL  rf) ;  it  is  uniformly  of  very  small 
size ;  measuring  in  man  and  the  mammalia  at  the  most  the  ^th  of  a 
line  in  diameter.  With  attentive  observation  the  dark  germinal  spot 
is  readily  to  be  distinguished  amid  the  clear  contents  of  the  vesicle 
attached  to  its  paries,  (fig.  XVI.  ff^  fig.  LXII.  and  LXIIL  e). 
The  germinal  macula  is  almost  always  seen  as  a  simple  rounded 
body  firom  the  -5-ro  ^^^  ^  *^^  wo  ^^  of  a  line  in  diameter ;  it  is  very 
rarely  observed  double,  or  as  an  aggregate  of  granules,  which, 
however,  is  sometimes  the  case  in  immature  ova  (fig  XI.  d).  A 
striking  difference  between  the  disposition  of  the  germinal  vesicle  in 
the  ovum  of  the  mammalia  and  that  of  all  the  other  animals  what- 
soever, is  the  absence  in  them  of  a  proligerous  disc — discus  proli- 
gerus  s.  vitellinus,  in  which,  through  the  whole  of  the  inferior 
series,  it  is  invariably  imbedded  ;  the  most  careful  observation 
shows  no  such  structure,  and  no  such  relation  here ;  and  yet  it 
is  possible,  and  on  analogical  grounds  even  probable,  that  this 
discoidal  accumulation  of  granules  is  not  actually  wanting  in  the 
ovum  of  man  and  the  mammalia ;  perhaps  the  granular  membrane 
described  above,  which  surrounds  or  incloses  the  vitellus,  generally, 
is  the  analogue  of  the  proligerous  disc  '*. 

It  is  a  task  of  great  difficulty  to  learn  any  thing  of  the  genesis 
or  primary  production  of  the  ovum,  and  to  follow  it  through  its 
different  stages  of  development  in  man  and  the  mammiferous  ani- 
mals :  in  very  young  animals,  even  in  the  embryo  as  it  approaches 
maturity,  we  can  discover  ova  in  the  ovaria,  furnished  with  a 
germinal  vesicle  as  they  are  at  any  other  subsequent  period  of 
life ;  the  vitellus  is  indeed  much  smaller,  and  so  is  the  Graafian 

represented  in  fig.  LXIII ;  it  is  difficult  to  say  whether,  as  in  the  bird's  egg,  it  fills 
the  central  cavity  of  the  vitellus,  and  is  here  only  found  in  the  vicinity  of  the 
germinal  vesicle  in  consequence  of  the  compression  of  the  ovum. 

^  Particular  care  ought  in  future  researches  to  be  taken  with  a  view  to  settle 
this  question  of  the  presence  or  absence  of  a  germinal  or  vitelline  disc.  To  me 
it  seems  highly  improbable  that  such  a  relationship  should  actually  be  wanting, 
although  the  most  sustained  observation  has  hitherto  shown  me  nothing.  Con- 
nected with  this,  there  is  also  the  question  whether  or  not  that  delicate  membrane 
situated  within  the  chorion  [?]  and  bounding  the  vitellus,  is  a  proper  viteUary 
membrane,  or  a  stratum  proUgerwn  surrounding  the  whole  vitellus,  in  which  only 
a  certain  thickening  at  a  particular  place  is  absent  (the  discus  proligerus 
and  cumulus  proligerus).  [See  the  bracketed  portion  of  annot.  63,  p.  53, 
signed  R.  W.] 

E 
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vesicle^  the  contents  of  which  appear  to  consist  of  larger  cells^  and 
occupy  much  less  space  than  in  ripe  ova.  (fig.  XI.)  The  ovum 
with  all  its  essential  elements^  however,  is  there,  and  in  existence 
at  the  period  of  birth ;  very  different,  therefore,  from  the  spermatic 
fluid,  which  is  first  eliminated  possessed  of  its  distinctive  characters 
at  the  time  of  sexual  maturity ;  the  principal  difference  between  a 
ripe  and  an  unripe  ovum  lies  in  the  greater  and  more  especial 
development  of  the  vitellus  in  the  former  ". 

^  Embryos  at  the  full  time,  or  the  young  of  some  small  animal,  as  of  the  mouse 
or  rat,  should  be  chosen  for  this  inquiry.  Cams  has  given  a  description  and 
figure  of  the  completely  developed  o^nim  in  new-bom  female  children  (Miiller's 
Archiv,  1837,  p.  440,  and  Ann.  des  Sciences  Nat  torn.  vii.  1837,  p.  297).  [The 
extensive  and  minute  researches  of  Dr.  Martin  Barry  on  the  unimpregnated 
ovum  require  particular  mention  here.  Dr.  Barry  confirms  the  description  of 
previous  observers  as  to  the  bilaminate  stmcture  of  the  Graafian  vesicle.  He 
defines  this  vesicle  to  be  an  ovisac  that  has  acquired  a  covering  proper  to  itself. 
The  ovisac  is  therefore  the  first  portion  of  the  Graafian  vesicle  formed,  and 
constitutes  the  internal  layer  of  that  vesicle.  The  formation  of  the  ovisac,  how- 
ever, is  subsequent  to  that  of  the  germinal  vesicle,  which  Dr.  Barry,  in  accord- 
ance with  Purkinje,  Baer,  and  Wagner,  regards  as  the  most  primitive  portion  of 
the  ovum. 

The  early  stmcture  of  the  ovisac  in  mammalia  may  be  seen,  as  Dr.  Barry 
states,  either  in  very  young  animals  or  in  those  that  have  lately  reached  maturity, 
when  this  vesicle  and  its  contents  are  in  the  full  vigour  of  formation.  Dr.  Barry 
finds  it  in  young  animals  by  placing  under  the  microscope  thin  slices  cut  from 
the  surface  of  the  ovary,  or,  in  animals  after  puberty,  the  outer  portion  of  a  large 
Graafian  vesicle.  Moderate  compression  is  required,  but  it  should  be  applied 
very  gradually. 

The  first  step  in  the  formation  of  the  ovarian  ovum  consists  in  the  appearance 
of  the  germinal  vesicle,  which  is  sometimes  nearly  globular,  at  others  elliptical, 
the  long  diameter  then  varying  from  the  ^s^th  to  the  ^gth  of  a  Paris  line.  This 
difference  of  diameter  is  probably  owing  to  difference  of  age  in  the  vesicles,  which 
doubtless  increase  in  size  after  their  formation.  The  germinal  vesicle  at  this 
period  has  an  envelope  consisting  of  certain  granules  of  a  peculiar  appearance, 
which  Dr.  Barry  describes  as  being  elliptical  or  ellipsoidal,  sometimes  nearly 
round,  and  generally  flattened.  When  lying  close  together,  their  form  becomes 
by  pressure  polyhedrons.  They  are  exceedingly  transparent,  yet  often  punctate, 
which  latter  appearance  seems  sometimes  to  arise  from  the  presence  of  very 
minute  oil-like  globules.  They  present,  with  more  or^less  distinctness,  a  nucleus, 
and  two  nuclei  have  been  met  with  in  a  single  granule.  In  the  substance  of  the 
nucleus  there  is  observable  a  point  still  darker.  These  peculiar  granules  some- 
times disappear,  apparently  by  liquefaction ;  preparatory  to  which  change  Dr. 
Barry  states  that  he  has  observed  them  to  become  more  spherical  and  brightly 
pellucid,  seeming  to  contain  a  fluid  in  their  interior.  In  size  they  vary  from  about 
the  ^th  to  the  ijgth  of  a  Paris  line  (^th  to  r^th  of  an  English  inch),  but 
they  are  often  about  the  gigth  of  a  Paris  line  in  length.  As  viewed  by  reflected 
light,  they  appear  greyish  white  in  colour ;  water  dissolves  them. 
Around  the  germinal  vesicle,  then,  enveloped  by  these  peculiar  granules. 
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^  21.  Pkyncal  and  Chemical  Analysis  of  the  Ovum. 
The  yolk  or  Wtellus,  the  principal  mass  of  the  ovum,  is  a  thick, 
sluggishly  fluent,  oily-looking  mass,  having  a  certain  odour,  often 
among  which  are  foand  aome  oU-Lke  globules,  a  raembrBne  is  aaoa  formed, 
wbich  u  the  ooitae  :  so  that  ttke  OTarian  ovum,  examined  in  this  stage,  conBists 
of  an  OTiRac  containiiig  a  pellucid  fluid,  in  which  ia  a  large  quantity  of  the 
pemliar  granules  deicribed,  a  Taiying  quantity  of  oil-like  globules,  and  among 
these,  and  more  or  lees  concealed  bf  them,  the  germinal  vesicle.  The  oil-like 
globules  with  a  pelludd  fluid  accumulate  around  the  germinal  veucle,  between  it 
and  the  peculiar  granules,  and  thus  the  formation  of  the  yolk  is  indicated ;  this 
new-formed  yolk  becomes  surrounded  by  two  membranes,  one  of  which  is  the 
propermembraneof  theyolk  ('mnnAra»r>feUi;[?],andtbe  other,  more  external,  is 
the  true  cteniM[?]  (fig.  XVII).  Subsequently,  a  covering  or  tunic,  consisting  of  a 
kind  of  dense  cellular  tissue,  susceptible  of  becoming  highly  vascular,  and  closely 
connected  with  the  surrounding  stroma,  is  gradually  formed  upon  the  outer 
snriace  of  the  oviaac,  and  it  is  bom  the  union  of  this  membrane  with  the  ovisac 
that  the  Graafian  vetwle  results  j  the  "  couche  interne  "  of  which,  as  described 
by  Baer,  is  the  originally  independent  ovisac,  while  the  "conche  eiteme"  of  that 
author  is  the  covering  or  tunic  of  the  ovisac  just  described  (Baer,  Lettre  <wr  la 
formation  de  V(E^,  in  Bre»cM.  R«per(oritim,  1B3S). 

Tie  analogy  between  the  ovarian  capsule  that  contains  the  yolk  in  the  bird 
and  the  Graafian  vesicle  has  been  long  acknowledged  ;  it  was  particularly  indi- 
cated by  T.  W.  Jones ;  and  according  to  Dr.  Barry,  the  ovarian  calyx  of  birds, 
if  deprived  of  its  peritoneal  investment,  and  what  there  is  of  the  parenchyma  of 
the  ovary,  would  present  a  structure  analogous  to  the  Graafian  vesicle  of  mam- 
malia. The  ovarian  ovum  of  birds  in  fact  passes  through  precisely  the  same 
stages  of  formation  aa  that  of  the  mammalia. 

In  reptiles  and  fishes  the  same  formations  are  observed,  and  in  liie  same  order, 
with  the  exception  that  the  fluid  of  the  ovisac  does  not  generally  present  the 
peculiar  granules  described  as  occnrring  in  mammalia  and  birds. 

The  situation  of  the  ovum  in  the  early  period  of  its  formation  is  in  or  near  the 
centre  of  the  Graafian  vesicle,  where  it  is  completed  in  all  its  parts,  tiiough 
_____ 

Fio.  XVn.— Ovum  of  the  cat, 
magnified,  after  Barry :— 6,  ger- 
minal spot;  c,  germinal  vesicle; 
■,  oil-like  globules  in  the  yolk, 
which  consists  besides  of  a  pel- 
lucid fluid  and  minute  granules ; 
e,  roembrana  vitelli  [?]  almost 
concealed  by  the  chorion  [f]  g, 
peculiar  granules  ;  h,  ovisac. 
[The  peculiar  granules,  Schwann 
and  Dr.  Barry  have  since  found 
to  be  nucleated  cells.  B,  W.] 
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decided  enough,  but  with  nothing  distinctly  specific  about  it.    The 
colour  of  the  yolk  is  most  usually  yellow,  but  the  shade  varies 

probably  not  matured.  In  this  situatioD  it  appeare  to  t;e  8upport«d  bjan  equable 
diffusion  of  the  peculiar  f^nules  of  the  ovisac  throughout  thefluidof  the  vesicle; 
Buhsequenlly,  however,  the  peculiar  granules  become  aggregated  together  in  cer- 
tain parts,  leaving  spaces  occupied  by  fluid,  and  at  length  arrange  themselves  eo 
as  to  constitute  three  distinct  structures: — namely,  1.  The  hmiea  fframahsa, 
formed  by  some  of  the  granules  being  collected  on  the  surface  of  the  chorion  or 
outer  inveating  membrane  of  the  ovum.  Theae  granules  have  been  hitherto 
regarded  as  a  portion  of  the  "proligerous  disc"  of  Baer  which  adheres  to  the 
ovum,  and  escapes  «ith  it  from  the  Graafian  vesicle.  But  Dr.  Barry  finds  ou 
attentive  examination  that  those  granules  which  immediately  surround  the  ovum 
are  in  a  state  of  denser  aggregation  then  the  rest,  invest  the  whole  surface  of  the 
orum,  and  form  a  distinct  tunic  (to  which  he  gives  the  name  luniea  granukuaj, 
perfectly  spherical  in  form,  and  which  he  has  sometimes  succeeded  in  obtaining 
freed  from  the  other  granules  which  adherent  to  it  escape  from  the  Graafian  vesicle. 
3.  The  separation  of  the  granulesof  theovisacformsalayer,  collected  on  the  inner 
surface  of  the  ovisac,  and  constituting  the  membrana  graiuJMa  of  Baer.  And, 
3.  Between  the  two  structures  just  deacribed,  a  third  is  formed,  which  Dr.  Barry 
describes  as  "an  assemblage  of  structures,  consisting  of  a  central  mass,  in  which 
the  ovnm  (in  its  granular  tunic)  is  contained,  and  of  cords  extending  from  the 
membrana  granulosa  to  the  central  mass.  These  structures  bad  not  been 
previously  described,  and  Dr.  Barry,  attributing  to  them  the  office  of  suspending 
the  ovum  and  retaining  it  in  its  situation  in  the  fluid  of  the  Graafian  vesicle,  has 
named  them  the  retmtKvJa,  They  are  seen  indistinctly  in  most  animals,  but 
may  be  be«t  observed  in  the  rabbit ;  their  arrangement  will  be  clearly  under- 
stood by  referring  to  the  accompanying  figures  (figs.  XVIII.  and  XIX.) 
The  office  of  the  retinacula  appears  to  be  not  only  to  suspend  the  ovum  in  the 

Fig.  XVIII. 


Fio.  XVIII  — Ovum  of  the  rabbit,  magnified  340  diameters  (after  Barry).   The 
retinacula  with  their  membrane  removed  liom  the  Graafian  vesicle :— £,  germinal 
'   spot ;  e,  germinal  veucie ;  d,  yolk ;  /,  chorion  [?] ; ;',  tunica  granulosa,  with  Tour 
tail-like  proceises  prolonged  into  g*,  the  retinacula. 
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gKatljf  tendiDg  more  or  less  on  the  one  hand  to  red,  on  the  other 
to  white ;  it  ia  veiy  commonly  of  a  pale  yellow  or  whitish  in  the 

llnid  of  the  GraHfian  vesicle,  but  to  convey  it  from  the  centre,  where  it  is  at  first 
tonoed,  to  the  periphery  cf  that  vesicle,  and  to  retain  it  there.  Thia  seems  evident 
from  the  fact  that,  as  the  ovum  approaches  the  penpheiy  of  the  Graafian  vesicle, 
the  giannlooa  cords  become  ahorteoed  on  one  side  of  the  central  mass,  while 
tluwe  on  the  other  disappear.  When  the  ovum  has  reached  the  surface  of  the 
re&de,  the  ceDtral  mass  in  which  it  ia  contained  has  become  smaller,  and  in 
numy  instances  nearly  of  the  size  and  form  of  the  tunica  granulosa;  sometimes 
the  band-like  portions  of  the  retinacula  become  reduced  to  four  in  nnmber,  and 
Hxnetimes  only  two  remain ;  they  often  seem  closely  pressed  against  the  inner 
membiane  of  the  Graafian  vesicle.  The  following  is  the  order  of  formation  as 
to  time  of  the  more  prominent  parts  of  the  ovum  and  Graafian  vesicle  in  mam- 
malia:— I,  The  geiminal  vesicle,  with  its  coutents.  2.  An  envelope,  consisting 
of  peculiar  granules  and  oil-like  globules.  3.  The  ovisac,  which  forms  around 
ibis  envelope.  4.  The  yolk,  which  forms  witliin  the  ovisac  around  the  germinal 
vesicle.  5.  Thepropermemhcaneof  the  yolk  [J],  which  makes  its  appearance  while 
the  yolk  is  still  in  an  incipient  slate.  6,  The  chorion  [?].  7.  The  proper  cover- 
ing or  tunic  of  the  ovisac,  the  tunica  granulosa,  the  retinacula,  and  the  roem- 
bnna  granulosa.     M.  Barry,  tUnarehti,  ^-e.  pt.  i.  Phil.  TVon*.  1838.  R.  B.  T. 

Id  the  preceding  paragraph  and  the  long  annotation  63,  the  reader  will  have 
observed  that  the  words  chorion  and  vitelline  membrane,  as  often  as  they  occur, 
hare  bracketed  points  of  interrogation  placed  after  them,  thus  [>].  For  more 
psrtieDlar  explanation  of  this,  see  the  addition  to  annot.  137.  Here  it  is  indis- 
peniable  to  say  that  observers  differ  as  to  the  time  and  mode  of  formation  of  the 
undoabted  chorion.  Some  with  the  author,  Bischoff',  Dr.  Barry  (in  bis  first 
teries)  &c.,  mainlining  that  the  chorion  exists  as  an  original  element  of  the 
ovarian  orum,  its  representative  there,  being  the  thick  transparent  membrane, 
□r  tona  pellucida;  whilst  others,  Coele,  T.  Wharton  Jones,  Sec,  declare  that 
what  is  spoken  of  by  Wagner,  Bischoff,  and  Dr.  Barry,  as  the  vittUary  membrana 
m  the  ovum  of  the  mammal  is  a  thing  of  idea  and  inference  only,  nowise  demon- 
itiable  1  that  the  peripheral  globules  of  the  ovum  cohere  by  a  vital  or  mechanical 
attraction,  or  at  most  a  kind  of  agglutination,  and  are  not  held  together  in  con- 
■aiuence  of  bang  surrounded  by  any  memhrana  propria ;  that  the  zona  pellucida 
of  the  mammal's  ovum,  as  the  first  consistent  tissue  which  surrounds  the  yolk, 

Fio.  XIX. 


Fig.  XIX.— Graafian  vesicle  and 
ovum  of  the  rabbit,  magnified  10(1 
diameters  (after  Barry),  to  show  the 
separation  of  the  peculiar  granules  of 
the  ovisac  into  three  incipient  struc- 
tures;— g\  tunica  granulosa;  g\  the 
retinacula  j  g',  membrana  granulosa. 
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mammalia^  amphibia,  and  fishes ;  and  in  many  birds  it  is  of  a  bright 
yellow,  and  even  approaches  a  red :  it  is  only  among  invertebrate 
animals  that  other  colours,  such  as  green,  violet,  blue,  bright  red, 
and  flame  colour  are  encountered ;  these  are  all,  but  rarely,  met  with, 
as  are  also  brown  and  dark  green,  which,  however,  occur  in  a  few 
instances  ".  The  seat  of  the  colour  of  the  yolk  is  in  the  vitelline 
globules,  not  uncommonly  also  in  the  oil-globules,  which  are  often 
plentifully  mingled  with  the  proper  vitelline  globules;  in  some 
cases  the  vitelline  are  of  a  very  different  colour  from  the  oil-globules 
of  the  yolk ".  The  principal  constituents  of  the  yolk  are  water, 
albumen,  and  oil ;  the  oil  yields  a  crystallizable  fat,  which  appears 

ought  to  be  regarded  as  the  true  vitellary  membrane ;  that  this  zona  pellucida  of  the 
ovum  of  the  mammiferous  animal  is  in  fact  the  analogue  of  the  vitelline  membrane 
of  the  ovum  of  the  bird.  T.  Wharton  Jones  was  the  first  who  saw  that  after  im- 
pregnation in  the  mammal,  a  new  structure,  which  he  regards  as  the  future  and 
true  chorion,  is  added  to  the  ovum,  even  before  it  quits  the  ovary,  and  that  the 
old  vitellary  investment,  the  thick  transparent  membrane  or  zona  pellucida  (cho- 
rion of  Wagner)  by  and  by  disappears,  the  yolk  having  now  the  new  structure 
for  its  sole  membranous  investment.     R.  W.] 

^  In  many  birds,  the  corvidae,  many  palmipeds,  &c,  the  yolk  is  of  a  very  bright 
or  reddish  yellow  colour ;  in  other  birds,  again,  it  is  of  a  pale  yellow,  as  in  the 
common  fowl.  The  yolk  is  not  very  uncommonly  green  in  insects  :  for  example, 
in  many  butterflies  it  is  of  a  beautiful  grass  green ;  so  is  it  also  among  annelida 
in  clepsine,  and  among  cfustacea  in  many  species  of  cypris.  It  is  red,  according 
to  Grant,  in  lobularia  digitata ;  brick-red,  according  to  Carus,  in  unio  litoralis.  I 
have  found  it  flame- red  in  hydrachna  histrionica,  pale  violet  in  many  spiders, 
dark  violet-blue  in  gammarus  pulex,  azure-blue  in  anatifa  laevis ;  it  is  very 
frequently  orange-coloured  or  sulphur-coloured,  as  in  unio  pictortun;  milk- 
white,  as  in  cyanea  Lamarkii ;  the  superficial  vitelline  or  proligerous  layer  is  of  a 
blackish  green  in  the  ranidae.  There  appears  to  be  no  law  in  regard  to  the  colour 
of  the  vitellus  in  the  lower  classes  of  animals;  it  is  frequently  of  the  most  opposite 
and  dissimilar  hues  in  the  most  closely  allied  genera. 

^  When  the  oily  element  of  the  yolk  collects  into  distinct  large  drops,  these 
may  be  seen,  even  externally,  in  transparent  ova;  the  oil-globules  always  refract 
the  light  strongly,  and  are  often  of  a  colour  different  from  the  rest  of  the  yolk. 
In  the  salmo  thymallus,  for  example,  the  yolk  is  clear  and  whitish,  but  there  is 
often  an  accumulation  of  reddish- yellow  oU-globules,  hanging  together  in  clusters, 
in  the  vicinity  of  the  vitelline  disc ;  in  gammarus  pulex  the  vitelline  globules 
included  in  the  ovum  along  with  the  developed  embryo,  are  large,  and  of  a  violet- 
blue,  but  the  oil-globules  are  yellowish  red ;  both  refract  powerfully.  In  many 
of  the  percidae  the  oil  of  the  yolk  is  amassed  into  a  single  large  drop ;  and  in  the 
yolk  of  the  emys  Europea,  according  to  Purkinje,  the  oil  is  collected  into  four  or 
five  distinct  drops.  On  the  chemical  peculiarities  of  the  oil  of  the  vitellus,  and 
indeed  the  whole  chemical  analysis  of  the  ovum,  vide  Berzelius' i^ntma/  Chemistry 
(Thierchemie,  1831,  p.  539)-  Hitherto,  in  undertaking  a  chemical  analysis  of  the 
egg,  there  has  been  no  attempt  made  to  separate  the  oil-globules  from  the  proper 
yolk  globules. 
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to  resemble  that  of  the  bile  (cholestearine).  Exposed  to  a  certain 
degree  of  heat,  the  yolk  acquires  a  greater  degree  of  coDsistency^ 
and  under  the  microscope  exhibits  numerous  rhombohedral  and 
octohedral  crystals.  Incinerated,  the  yolk  yields  phosphatic  salts, 
particularly  phosphate  of  lime,  and  traces  of  free  phosphoric  acid  ^. 
The  fluid  of  the  germinal  vesicle  appears  to  consist  of  pure  aqueous 
albumen  *'• 


CHAPTER    11. 

GENERAL   MORPHOLOGY    OF   THE    SEXUAL    ORGANS. 

§  22.  So  far  as  the  anatomical  relations  of  the  sexual  oigans  can 
be  clearly  and  securely  folloiyed  in  the  organic  kingdom  of  nature, 
so  far  do  we  find  an  obvious  separation  into  two  sexes  *' ;  as  a 
general  law,  the  male  and  female  reproductive  organs  are  divided 
between  two  individuals ;  it  more  rarely  happens  that  they  are 
united  in  a  single  individual,  which  then  constitutes  a  proper 
normal  hermaphrodite.  The  sexual  organs  are  invariably  parted 
in  man  and  the  vertebrata,  and  no  case  of  true  hermaphroditism 
appears  yet  to  have,  occiur^d  among  them  *'.     In  the  invertebrate 

""  The  relative  proportions  of  the  several  proximate  principles  of  the  yolk, 
according  to  Dr.  Prout,  are  0,17  albumen,  0,29  oil  or  liquid  fat,  0,54  water.  The 
ultimate  principles,  on  the  same  authority,  are  sulphuric  acid,  phosphoric  acid, 
(and  traces  of  their  bases,  sulphur  and  phosphorus,)  chlorine,  potash,  soda,  lime, 
and  magnesia,  the  latter  generally  in  a  state  of  union  with  carbonic  acid,  also  a 
trace  of  iron,  llie  analyses  hitherto  published  refer,  almost  every  one,  only  to 
the  yolk  of  the  new>laid  hen's  egg.  Comparative  analyses  of  the  yolk  of  the 
ovum  still  contained  in  the  ovary,  and  of  the  changes  it  undergoes,  are  un- 
fortunately still  entirely  wanting. 

^  The  fluids  contained  in  the  germinal  vesicle  coagulate,  as  has  been  already 
stated,  in  alcohol  and  acids,  acetic  acid  among  the  number,  which  frequently 
fails  to  cause  any  coagulation  in  other  albuminous  fluids.  When  coagulated,  the 
contents  of  the  germinal  vesicle  form  an  irregular  finely  granular  mass.  A 
representation  of  the  appearances  may  be  found  in  my  Prodromus,  fig.  zi.  b, 
fig.  xzviii. 

^  It  were  out  of  place  to  enter  here  into  a  disquisition,  either  upon  what  is 
called  equivocal  generation,  or  on  the  fissiparous  and  gemmiparous  modes  of 
procreation  observed  among  the  lowest  classes  of  animals,  our  business  being 
with  sexual  generation  only.  Gemmiparous  generation,  too,  is  very  frequently 
distinctly  referable  to  reproduction  from  ova. 

"  There  does  not  exist  a  single  undoubted  case  of  hermaphroditism  in  man  or 
in  the  other  vertebrate  animals,  the  presence  of  the  germ-preparing  organs  of  the 
male  and  fenude  being  of  course  regarded  as  necessary  to  constitute  that  state. 
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series,  also,  division  of  the  sexes  is  the  general  rule,  which  occurs 
in  insects,  arachnidans,  the  majority  of  crustaceans,  and  many 
molluscs.  'Normal  hermaphroditism,  or  that  state  in  which  sper- 
matic fluid  and  ova  are  produced  in  one  and  the  same  individual, 
occurs,  as  it  would  seem,  in  conchylia ;  in  many  annellides,  in  the 
echinodermata,  polypi,  infusoria,  &c.,  the  two  forms  of  sexual 
apparatus  are  found  united,  and  lying  at  no  great  distance  from 
one  another.  There  appears  to  be  no  general  rule  applicable  to 
these  classes :  closely  allied  genera  frequently  present  themselves 
as  sexually  distinct  in  one  case,  as  hermaphrodites  in  another. 
Among  vegetables  also,  in  the  majority  of  instances,  organs  of 
two  different  kinds,  which  from  analogy  with  the  animal  kingdom 
have  been  divided  into  male  and  female,  appear  to  be  necessary  to 
reproduction '°. 

All  the  cases  of  hermaphroditism  hitherto  observed  have  their  grounds  in  defec- 
tive formations  of  the  sexual  organs,  or  in  permanence  of  some  earlier  stage  of 
development,  when  the  male  and  female  organs  still  bear  a  strong  resemblance  to 
each  other.  Vide  the  critical  remarks  on  the  doctrine  of  hermaphroditism  in 
Mailer's  History  of  the  Formtition  of  the  Genital  Organs  (Bildungsgeschichte  der 
GenitaUen,  4to,  Dusseld.  1830).  The  case  observed  by  Rudolphi  and  described 
by  him  in  the  Transactions  of  the  Berlin  Academy  for  1825,  in  which  a  testis  and 
seminal  conduits  were  found  on  one  side,  and  an  ovary  and  Fallopian  tube  on 
the  other,  is  now  rendered  suspicious,  like  all  the  others,  by  the  later  researches 
of  M tiller.  Cuvier  speaks  of  hermaphroditic  formations  which  he  had  observed 
in  fishes  fHistoire  NatureUe  des  Poissons,  \.  p.  534) ;  but  here,  too,  a  microscopical 
analysis,  which  was  not  made,  would  alone  have  been  competent  to  decide  the 
fact.  Among  several  classes  of  the  invertebrate  series,  insecta  for  instance,  and 
among  these  particularly  lepidoptera,  abnormal  hermaphroditic  formation  would 
appear  actually  to  occur.  On  the  subject  of  abnormal  hermaphroditism  in  the 
animal  kingdom,  see  the  elaborate  account  by  Burdach  in  his  Physiology,  vol.  i. 
[See  also  the  excellent  article  Hermaphroditism,  by  Dr.  Simpson,  in  Todd's 
Cyclopadia,  vol.  ii.  which  contains  the  details  of  a  great  number  of  cases, 
derived  from  various  sources.  Such  close  approximations  to  true  hermaphro- 
ditism in  the  human  subject  have  sometimes  been  made,  that  it  would  probably 
be  rash  to  maintain  the  impossibility  of  such  an  anomaly  ever  occurring.  R.W.] 
'^  The  subject  of  the  reproductive  organs  of  vegetables  has  been  left,  in  what 
follows,  almost  entirely  untouched ;  the  contradictory  character  of  the  statements 
of  the  more  recent  inquiries,  and  the  symptoms  of  an  impending  great  revolution 
in  the  whole  doctrine  of  the  sexes  of  vegetables,  made  it  impossible  to  approach 
this  topic  with  any  chance  of  profit.  According  to  Schleiden's  otherwise  ex> 
tremely  interesting  inquiries,  it  would  appear  that  the  pollen-capsule,  instead 
of  being  the  male,  is  much  rather  to  be  viewed  as  the  female  organ,  being  the 
part  which  furnishes  the  germ  that  is  evolved  into  the  embryo;  Meyen  and 
others,  again,  regard  the  fov3la  of  the  pollen,  as  Brown,  Brongniart,  and  others 
had  done  already,  as  the  true  semen,  possessed  of  spermatic  animalcules ;  finally, 
Valentin,  whilst  he  agrees  in  the  main  with  Schleiden's  observations,  rejects  m 
toto  the  doctrine  of  the  sexes  of  vegetables,  and  their  analogy  in  this  particular 
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§  23.     Structure  of  the  Seamal  Organs  in  Man  and  Animals. 

The  sexual  organs  of  animals  are  naturally  divided  into  germ- 
preparing  ORGANS — the  testes  and  ovaria — ^which  are  essential, 
always  present,  and  the  analysis  of  which  has  just  engaged  us; 
TRANSPORTING  ORGANS — ^vas  deferens  and  oviduct ;  and  emit- 
ting ORGANS — penis  and  vagina,  which  at  the  same  time  serve  as 
implements  of  sexual  intercoiurse.  In  addition  to  this  associated 
system  of  parts,  there  are  added  a  variety  of  accessory  organs,  such 
as  a  reservoir  of  the  matters  elaborated  in  the  germ-preparing  ap- 
paratus, or,  it  may  be,  a  secerning  organ;  in  this  category  are 
placed  the  vesiculae  seminales,  and  the  various  and  very  numerous 
glands  denominated  prostate,  Cowper's  glands,  follicles  of  the 
vagina,  &c. ;  these  are  often  entirely  wanting  ;  in  other  cases  they 
are  highly  developed  '*. 

§  24.  In  the  animal  kingdom  the  testicles  and  ovaria  are  mostly 
formed  after  the  same  essential  type,  and  in  their  structure  bear  all 
the  character  of  organs  of  secretion :  in  many  of  the  invertebrata — 
the  acephalous  bivalve  molluscs,  the  Crustacea,  many  insects,  &c. 
— the  testes  and  ovaria  are  either  simple  or  ramified  cceca,  or 
pouches ;  in  the  hermaphroditic  snails  they  form  a  common  clus- 
ter; in  those  in  which  the  sexes  are  separated,  the  testes  and 


with  the  members  of  the  animal  kiDg^dom.  Vide  Schleiden  in  Wiegmann's 
Arckw,  f.  1837,  B.  I.  S.  289,  and  MiiUer's  Arckiv,  f.  1838,  S.  137,  Valentin's 
Repertorimn,  f.  1838,  S.  62.  See  also  the  observations  already  made  under 
annotation  8  to  §  5.  In  addition  to  the  particulars  just  mentioned,  and  those 
referred  to,  it  is  necessary  to  state  that  Unger  has  lately  published  two  valuable 
papers,  accompanied  by  beautiful  drawings,  upon  the  spermatic  animalcules  of 
plants,  in  Nova  Ada  Academia  Casar,  Leopold.  Nat.  Curios,  vol.  xviii.(l837f  pp« 
687  &  786).  In  the  first  essay  this  writer  describes  very  completely  the  seminal 
animalcules  of  sphagnum.  In  the  second  he  gives  delineations  of  those  of  poly- 
trichum  (which  agree  very  much  with  those  of  sphagnum),  and  of  marchantia. 
He  has  also  found  very  similar  bodies  in  other  mosses  (funaria  and  bryusca), 
and,  besides  marchantia,  in  grimaldia  hemispherica.  To  examine  these  bodies  it 
is  necessary  to  seize  the  precise  time  at  which  the  contents  of  the  anthers  attain 
their  highest  development.  For  polytrichum  commune,  one  of  the  commonest 
mosses,  the  month  of  May  is,  according  to  Unger,  the  proper  time  for  instituting 
researches. 

^  Tlie  brief  summary  contained  in  the  immediately  following  paragraphs  will 
suffice  in  this  general  physiological  consideration  of  the  morphology,  inasmuch 
as,  with  the  exception  of  testes  and  ovaria,  the  other  sexual  organs  are  really  of 
little  importance,  and  the  insight  into  the  nature  of  the  reproductive  process  is  not 
facilitated  by  any  more  particular  consideration  of  them. 
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ovaria  exhibit  precisely  the  same  structure,  and  are  only  to  be  dis- 
tinguished by  the  nature  of  their  contents.  In  fishes  both  organs 
present  themselves  as  great  sacs,  or  flattened  and  elongated  masses ; 
in  the  stroma  of  the  testis  we  usually  meet  with  long  convoluted 
tubes,  more  rarely  small  round  vesicles ;  in  the  ovaria,  on  the  other 
hand,  we  have  shut  capsules ;  the  resemblance  decreases  when  we 
come  to  the  mammalia  and  man ;  greatly  elongated  and  extremely 
slender  canals,  pressed  and  wound  together  like  a  skein  of  thread, 
and  packed  up  within  a  common  membranous  envelope  or  capsule, 
is  the  characteristic  structure  of  the  testis ;  round,  shut,  racemiform 
clustered,  but  not  communicating  cells,  is  that  which  is  proper  to 
the  ovary.  Both  testes  and  ovaries  in  all  the  higher  animals  lie 
under  the  kidneys ;  in  many  mammalia,  too,  the  testes  as  well  as 
the  ovaries  are  contained  in  the  abdomen,  or  they  return  into  its 
cavity  during  the  season  of  heat,  so  that  the  position  externally  of 
these  organs  is  lost  as  a  permanent  character.  The  convoluted 
canals  of  the  testis  secrete  the  semen,  the  close  ovarian  cells  the 
ova  '*. 

§  25.  In  the  higher  vertebrate  animals,  and  in  many  of  the 
invertebrate  series  also,  the  seminal  canals  or  vessels  open  into  a 
wider  membranous  canal — the  vas  deferens,  which  conducts  the 
spermatic  fluid  outwards ;  the  oviduct,  however,  the  analogue  of 
the  vas  deferens  in  the  male,  is  not  in  uninterrupted  connection 
with  the  ovary  ;  still  it  is  so  very  generally  among  the  invertebrata, 
and  there  is  even  a  tendency  to  continuity  in  many  mammalia ; — 
in  the  greater  number  of  the  camivora,  for  example,  a  membrane 
proceeds  from  the  edge  of  the  opening  of  the  Fallopian  tube,  which 
surrounds  the  ovary  in  the  manner  of  a  bag  or  capsule,  more  or 
less  completely.  In  many  animals,  as  in  fishes,  the  tubuli  semini- 
feri  and  oviducts  are  extremely  short,  and  are  in  fact  no  more  than 
narrower  processes  or  prolongations  of  the  sacculated  testis  or 
ovary ;  in  many  species  even  these  are  wanting,  and  the  semen  and 
ova  are  shed  directly  into  the  abdomen,  whence  they  are  extruded 
through  peculiar  clefts  in  its  walls. 

7>  For  an  accouDt  of  the  various  forms  of  the  male  spermatic  organs,  see  parti- 
cularly Miiller's  able  woik,  De  Glanduktrum  secementium  Stnictura,  fol.  Lips. 
1830  (in  English  by  S.  Solly,  8vo.  Lond.  1839).  For  details  of  the  analogy  in 
structure  between  the  ovaria  and  the  testes  in  the  animal  series,  I  beg  to  refer  to 
my  Elements  qf  Comparative  Anatomy ^  chap.  vii.  p.  290  et  seq.  (in  German). 
Tables  i.  and  ii.  in  Burdach's  Physiology,  vol.  i.  give  a  good  view,  or  rather 
scheme,  of  the  principal  forms  of  testicle  and  ovarium  observed  in  the  animal 
kingdom. 
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Proper  external  organs  of  generation  occur  but  in  individual 
classes  and  orders  of  animals ;  in  the  Mammalia  they  are  general ; 
so  are  th^  also  in  the  scaly  Amphibia  and  in  Insects ;  they  are 
much  less  general  in  other  classes^  in  Birds  for  example^  the  smooth- 
skinned  Amphibia,  Fishes,  &c. ;  in  the  Snails  they  are  met  with 
commonly  enough  ". 

§26.  The  general  consideration  of  the  morphology  of  the  human 
organs  of  generation,  shows  us  certain  relations  which  serve  to 
elucidate  many,  physiological  phenomena.  What  we  learn  admits 
of  application,  and  furnishes  us  with  analogies  in  reference  to  the 
same  system  through  the  whole  of  the  series  embraced  by  the 
animal  kingdom.  The  testicle  is  composed  of  tubuli  semini- 
PERi,  canals  of  great  tenuity,  which  are  every  where  copiously 
surrounded  by  blood-vessels.  The  tubuli  anastomose  with  one 
another  in  loops.  When  unravelled  &om  the  tangled  skein  which 
they  form  naturally,  they  constitute  a  canal  of  the  delicacy  and 
diameter  of  a  sewing-thread  of  more  than  a  thousand  feet  in  length ; 
the  amount  of  secreting  surface  is  consequently  very  considerable. 
The  tubuli  unite  into  a  variable  number  of  excretory  ducts,  which 
pass  into  a  thicker  convoluted  and  looped  tube,  the  epididymis, 
which  in  its  turn  terminates  in  a  simple  contorted  canal,  the  vas 
deferens,  which  at  its  terminal  extremity  is  provided  with  a 
diverticular  appendage,  the  vesicula  seminalis.  This  last  ap- 
pendage seems  to  serve  partly  as  a  reservoir  for  the  spermatic 
fluid,  partly  as  an  organ  of  secretion;  it  is  not  found  in  many 
mammalia.  The  prostate  and  Cowper's  glands  are  secernent 
organs,  the  clear  viscid  secretion  of  which  consists  of  a  transparent 
liquid  intermixed  with  flocculi  and  granules,  which  are  mostly 
either  normal  or  altered  epithelial  cells.  The  penis  is  a  highly 
-vascular  organ,  copiously  supplied  with  nerves,  which,  in  virtue  of 
a  peculiar  and  not  yet  perfectly  understood  mechanism  of  its 
blood-vessels,  receives  upon  occasion  such  an  afflux  of  blood,  that 
it  enlarges  and  stiffens,  or  imdergoes  erection,  by  which  it  is  fitted 
to  penetrate  into  the  female  vagina.  The  mucous  or  internal  coat 
of  the  seminal  vessels  is  furnished  with  a  flattened  cylindrical  epi- 
thelium, which  is  continued  into  the  vas  deferens ;  the  epithelial 
cells  of  the  vesiculae  seminales,  which  are  tessellated  or  united  in 

7*  See  the  description  of  the  various  forms  pertaining  to  these  organs,  in  my 
ElemeaU  of  Comparative  Anatomy,  and  Burdach's  Physiology,  vol.  i.  On  the  re- 
markable forms  they  present  in  fishes,  see  the  older  as  well  as  the  more  recent 
writings  particularly  referred  to  by  Ratjike,  in  his  contributions  to  Burdach^ 

1.  c. 
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the  manner  of  a  pavement,  contain  nuclei  of  considerable  size,  and, 
farther,  a  quantity  of  granular  matter  '*. 

§  27.  The  ovARiA  of  the  human  female  have  a  very  compact 
and  solid  stroma;  each  ovarium  contains  about  fifteen  fully-formed 
Graafian  vesicles,  in  which  the  very  small  ovula  (measuring  from 
the  20th  to  the  30th  of  a  line)  are  imbedded  in  the  manner  already 
described;  the  Fallopian  tubes,  as  well  as  the  uterus,  contain 
muscular  fibres,  which  have  the  histological  (structural)  character 
of  those  of  the  involuntary  muscles ;  the  vagina,  is  narrow  at  its 
orifice  in  the  virgin,  and  partially  closed  by  the  hymen,  which, 
however,  leaves  an  opening  of  about  half  an  inch  in  width  su- 
periorly; the  CLITORIS  is  small;  the  mucous  follicles  situated 
between  the  labia  and  in  the  vagina  secrete  a  fluid  of  a  peculiar 
greasy  odour".  The  mucous  membrane  between  the  labia 
pudendi,  and  covering  the  hymen  and  vagina  to  the  middle  of  the 
cervix  uteri,  is  covered  with  a  tessellate  epithelium;  from  the 
point  indicated  this  is  replaced  by  a  cylindrate  epithelium,  which 

^*  For  further  details  concerning  the  male  organs  of  generation,  see  the 
elementary  anatomical  works  of  HUdebrandt,  by  Weber,  and  of  Krause.  The 
best  description  and  representation  of  the  testis  we  possess,  are  those  by  Lauth, 
M^,  8ur  le  Testicuk  Humainf  in  M^.  de  la  Soci^ti  (THist.  Nat.  de  Strasbourg, 
torn.  i.  hv.  ii.  1833.  He  estimates  the  entire  length  of  the  seminal  canals  at  1750 
feet;  Krause  thought  that  the  mean  length  might  be  fairly  stated  at  1015 
feet ;  the  diameter  of  the  seminal  vessels  varies  from  the  twelfth  to  the  sixteenth 
of  a  line,  a  statement  with  which  my  admeasurements  coincide.  Vide  Krause  in 
Miiller's  Archiv  fiir  1837,  S.  24.  The  vesiculae  seminales  are  wholly  wanting  in 
many  animals,  in  the  dog  for  example.  Others  of  the  accessory  organs  of  gene- 
ration, however,  are  very  much  developed  in  certidn  mammalia,  for  instance  in 
the  hedgehog,  and  many  other  insect-feeders  and  gnawers.  Vide  my  Elements 
of  Comparative  Anatomy,  §  256.  With  regard  to  the  arterise  helicinse,  the  ex- 
treme divisions  of  which,  associated  in  bundles  like  skeins  of  thread,  have  been 
held  the  efficient  causes  of  erection,  see  Miiller  in  his  Archiv  fiir  1835,  S.  202, 
the  dissentient  observations  of  Valentin,  and  Miiller's  reply  in  the  same  periodical 
for  1838,  pages  128  and  224.  It  seems  very  difficult  to  arrive  at  any  thing  like 
certainty  in  regard  to  the  structure  or  disposition  of  the  blood-vessels  of  the 
corpora  cavernosa;  I  have  not  myself  been  able  to  come  to  any  satisfactory  con- 
clusions ;  at  present  I  look  on  the  arterise  helicinae  as  retia  mirabilia.  See  further 
under  §  37.  On  the  epithelial  indusium  of  the  male  urogenital  mucous  mem- 
brane, see  Henle's  excellent  Memoir  in  Miiller*s  Archiv  fiir  1838,  §  112. 

^  Perhaps  this  peculiar-smelling  secretion  may  be  poured  out  by  that  pair  of 
glands,  the  representatives  of  the  glands  of  Cowper  in  man,  which  have  been 
lately  described  by  Mr.  Taylor.  These  glands  are  considerably  larger  than  in 
man,  situated  at  the  root  of  the  corpora  cavernosa  clitoridis,  and  open  into  the 
vagina  by  excretory  ducts  of  an  inch  in  length.  Vide  Taylor,  in  Dublin  Journal, 
1838,  copied  into  Schmidt's  Jahrb.f.  Medizin,  Bd.  XX.  S.  5. 
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is  continued  through  the  tubes  to  the  edges  of  their  fimbriated 
extremities,  where  it  passes  into  the  tessellate  epithelium  of  the 
peritoneum ;  the  epithelial  cylinders  have  similar  nuclei,  and  carry 
cilia  the  ^5-5-^*^!*  ^^  ^  1^^^  ^^  length.  In  the  mammalia,  where  the 
structures  are  all  essentially  the  same  as  in  man,  the  cilia  may  be 
seen  many  hours  after  death  in  rapid  motion.  After  every  menstrual 
period,  certainly  after  every  conception,  the  ciliate  epithelium  is 
thrown  off  and  reproduced ;  the  epithelium  of  the  vagina  is  always 
in  a  state  of  copious  desquamation.  The  ciliate  epithelium  is 
wanting  before  puberty,  and  after  the  period  of  childbearing  is 
past;  in  animals  it  only  makes  its  appearance  when  they  have 
attained  the  age  at  which  they  can  engender'*. 

§  28.  Comparison  of  the  male  and  female  Organs  of  Generation 

in  the  earliest  periods  of  development. 

In  man,  and  indeed  in  animals  generally,  the  sexual  organs 
are  those  that  make  their  appearance  the  latest  of  any ;  they  are 
even  later  than  the  kidneys  and  suprarenal  capsules.  In  embryos 
of  a  month  old  there  is  still  no  trace  of  organs  of  generation  to  be 
discovered,  although  at  this  period  the  brain,  spinal  cord,  heart, 
lungs,  intestinal  canal,  liver,  &c.  &c.  are  plainly  enough  evolved. 
A  pair  of  organs,  peculiar  to  the  foetus  in  the  very  earliest  stages  of 
its  existence,  the  corpora  Wolffiana  (§  61,  fig.  LXXXV./),  occupy 
a  conspicuous  place  in  the  abdomen,  being  situated  one  on  either 
side  of  the  vertebral  column.  It  is  in  the  course  of  the  sixth  week, 
when  the  corpora  Wolffiana  have  already  begun  to  decline  in  size, 
that  the  germ-preparing  organs  first  show  themselves  as  a  couple 
of  minute  points  on  the  upper  and  inner  edge  of  these  bodies ; 
to  the  outside  and  upon  or  within  the  excretory  ducts  of  the 
Wolffian  bodies,  a  couple  of  threads  next  make  their  appearance, 
which  gradually  increase  in  size,  become  hollow,  and  finally  change 
into  the  vasa  deferentia  or  Fallopian  tubes ;  they  open  downwards 
along  with  the  ureters  into  the  cloaca  or  sinus  urogenitalis  of  Miil- 

'*  See  the  account  of  the  epithelium  of  the  genital  system  of  the  female  in 
Henle,  loc.  cit.  Henle  states  that  even  on  the  outer  surface  of  the  fimbriae  of  the 
tubes,  there  are  still  ciliate  epithelial  cylinders  to  be  detected.  I  have  always 
supposed,  at  least  in  animals,  that  I  could  observe  the  sudden  cessation  of  these 
at  the  peritoneal  edge.  To  observe  the  play  of  the  cilia,  and  study  the  structure 
of  the  epithelium,  let  a  full-grown  rabbit  be  taken,  which  is  not  pregnant,  and 
has  not  too  recently  had  young.  On  the  subject  of  the  ciliary  motions,  see  the 
third  Book  of  this  work. 
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ler,  which  receives  at  the  same  time  the  termination  of  the  intestine 
and  the  excretory  duct  of  the  WolflSan  bodies^  and  in  the  first  in- 
stance forms  a  blind  sac ;  for  the  anus  only  appears  at  a  later  period. 
By  degrees  the  intestine  recedes,  as  it  were,  from  the  sinus  uro- 
genitalis,  and  thus  the  perinaeum  is  formed ;  the  anterior  part  of 
the  sinus  again  is  transformed  into  the  bladder,  and  its  middle 
part  in  the  female  into  the  uterus.  Simultaneously  with  the 
development  of  the  internal  organs  of  generation,  namely,  during 
the  sixth  week,  a  small  prominence  makes  its  appearance  im- 
mediately in  front  of  the  depression  that  indicates  the  anus ;  this 
is  the  penis  or  clitoris,  which  soon  shifts  its  place,  comes  much 
forwards,  and  exhibits  underneath  a  canalicular  depression ;  by  the 
end  of  the  second  month,  two  folds  have  sprouted  up  on  either 
side  of  this  organ,  which  by  and  by  show  themselves  as  the 
scrotum  or  labia  majora,  according  to  the  sex.  In  the  second 
month  it  is  still  impossible  to  distinguish  between  the  sexes  of 
embryos  (figs.  XCI.  XCIL  XCIII.  and  CL);  it  is  only  in  the  middle 
of  the  third  month  that  recognizable  diversities  in  point  of  form 
announce  diversity  of  sex ;  the  period  at  which  differences  in  point 
of  structure  proclaim  the  same  thing  is  still  considerably  Uter ;  at 
the  tenth  week  the  two  sexes  still  bear  the  strongest  resemblance  to 
one  another  (fig.  XCIX.  and  C).  The  testes  become  rounder, 
the  ovaria  longer;  both,  especially  the  ovaria,  retreat  backwards 
towards  the  sinus  urogenitalis,  which,  when  the  sex  is  feminine, 
now  begins  to  be  transformed  into  the  uterus,  and  to  .be  drawn  out 
into  comua,  from  which  the  round  ligaments  arise,  and  run  towards 
the  inguinal  canal;  the  oviducts  and  seminal  ducts  (Fallopian 
tubes  and  vasa  deferentia)  become  strikingly  different,  and  the 
latter  are  connected  with  the  testes  by  the  medium  of  the  epididy 
mis.  In  the  fourth  month  the  canalicular  cleft  of  the  penis  is 
closed  and  becomes  the  urethra;  on  the  clitoris,  on  the  contrary, 
the  edges  of  the  cleft  rise  more  and  more,  and  become  the  labia 
minora.  At  the  beginning  of  the  fifth  month  the  penis  and  clitoris 
are  still  very  much  of  a  size ;  in  the  course  of  this  month,  the  lateral 
folds  coalesce  in  the  middle  line,  by  which  the  raphe  and  the 
scrotum  are  formed  in  the  male,  whilst  in  the  female  embryo  the 
labia  majora  are  produced  from  these  lateral  folds,  and  cover  and 
conceal  the  clitoris  more  and  more.  The  vesiculas  seminales  first 
appear  in  the  fifth  month,  and  arise  as  offsets  from  the  extremities 
of  the  vasa  deferentia.  The  testes  continue  within  the  cavity  of  the 
abdomen  till  the  end  of  the  seventh  month ;  thev  then  descend 
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through  the  inguinal  canals,  and  in  the  ninth  month  attain  the 
bottom  of  the  scrotum  (the  descent  of  the  testicle)". 


CHAPTER  III. 

PHCENOMENOLOGY    OF   THE    GENERATIVE    ACT. 

§  29.   Encounter  of  the  Generative  Elements. 

In  entering  on  the  consideration  of  the  phejiomena  which  com- 
pose the  generative  act,  it  is  well  to  meet  at  the  outset  the 
principal  questions  which  must  necessarily  be  answered  before  any 
closer  insight  into  the  nature  of  the  process  can  be  obtained.  The 
most  weighty  question  of  all  this  is — Must  the  generative  ele- 
ments which  are  severally  prepared  in  the  male  and  female  sexual 
oi^gans  come  into  actual  contact  to  produce  their  peculiar  effects  ? 
and,  the  answer  being  in  the  affirmative,  how  and  in  what  way  is 
this  contact  accomplished  ?  The  decision  of  the  point  involved  in 
this  question  is  Unked  with  extraordinary  difficulties  in  man  and 
the  higher  animals ;  so  that  we  must  turn  to  the  remoter  circles 
of  organic  nature  for  facts  and  observations  to  guide  us  in  security 
along  this  obscure  province  of  physiology.  In  the  vegetable  king- 
dom the  researches  of  very  recent  times  in  regard  to  the  sexes  of 
plants  have  demonstrated  the  occurrence  of  an  intimate  material 

^  A  yery  important  paper  by  Valentin  on  the  development  of  the  follicle  in 
the  ovary  of  mammalia,  has  lately  appeared  (Miiller's  Archiv  f.  1838.  Heft.  V. 
S.  526).  The  earliest  histological  metamorphoses  are  there  traced  with  greater 
care  than  had  hitherto  been  done.  The  testes  and  ovaries  are  evolved  after  the 
type  of  glands  in  general :  lappets  appear  in  a  blastema,  which  change  into  canals. 
The  difference  between  the  two  organs  occurs  subsequently ;  in  the  testis  the 
seminal  tubes  are  formed,  and  they  become  united  to  the  vas  deferens ;  in  the 
ovary  blind  tubuli  arise  stellated  &om  a  solid  mass  in  the  centre ;  in  these  tubuli 
the  follicles  are  first  formed,  after  which  the  tubuli  disappear.  The  interior 
of  the  tubuli,  as  well  as  that  of  the  seminal  canals,  is  beset  with  epithelial 
globules.  In  spite  of  everything  that  has  been  done,  however,  the  evolution  of 
the  germ^preparing  organs  has  not  yet  been  followed  with  all  the  attention  that 
seems  desirable.  The  observations  of  Valentin  were  principally  made  upon 
young  embryos  of  the  sheep. 

llie  subjects  treated  of  in  this  paragraph  will  be  found  again  touched  upon 
in  our  history  of  Development,  particularly  in  §  74.  Vide  Muller's  history  of 
the  development  of  the  genital  organs  {Bildungsgesckichte  der  OtnitaUen, 
Diisseld.  1830X  and  the  brief  but  very  clear  account  of  the  subject  in  Lauth's 
MamieldPAnaiomiey  t.  ii.  See  also  the  figures  under  §  73  and  §  74.  XCIX. — CIV. 
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contact  between  the  pollen  granule  witli  its  fovilla,  and  the  nucleus 
of  the  ovum ;  as  soon  as  this,  and  only  when  this  has  been  accom- 
plished, is  an  embryo  evolved  '*.  Among  the  lower  orders  of  verte- 
brate animals,  as  in  the  frog  and  toad,  we  see  the  male  seated  on 
the  back  of  the  female,  and  shedding  the  semen  over  the  ova  at  the 
moment  they  leave,  or  immediately  after  they  have  left  the  cloaca ; 
the  union  of  the  sexes  here  continues  for  a  shorter  or  longer  time, 
— for  hours  or  weeks,  but  always  as  long  as  ova  are  extruded  '*.  In 
osseous  fishes,  among  which  no  kind  of  embrace  takes  place,  care- 
ful observers  have  seen  that  the  females  are  followed  by  the  males, 
that  they  turn  their  bellies  to  each  other,  rub  the  anal  orifices  to- 
gether, and  that  the  semen  of  the  milt-fish  is  shed  during  the  time 
when  the  roe-fish  is  depositing  her  spawn  •*.  Among  invertebrate 
animals,  snails  and  insects  are  frequently  observed  in  intimate  con- 
junction for  hours  together;  the  coitus  ended,  or  the  creatures 
separated,  the  spermatic  fluid  will  be  found  in  appreciable  quantity 
collected  in  particular  sacculi,  or  receptacles  of  the  female,  the 
outlets  from  which  are  so  placed  that  the  ova,  as  they  are  extruded 


7^  In  vegetables,  the  peculiar  material  incident  by  which  the  pollen  capsules  are 
conveyed,  often  by  a  very  lengthened  route  through  the  cellular  tissue  of  the 
style  to  the  receptacle,  and  through  the  opening  or  micropyle  of  the  embryo- 
nal sac  to  its  nucleus,  has  been  placed  beyond  the  reach  of  question  by  the 
observations  of  Broini,  Brongniart,  Amici,  Corda,  Schleiden,  Wydler,  Valentin, 
and  others.  It  is  only  in  regard  to  the  organ  or  element  that  is  actually  de- 
veloped into  the  embryo,  that  unanimity  of  opinion  has  not  yet  been  obtained. 
After  the  occurrence  mentioned,  however,  and  only  then,  is  it  that  the  embryo 
begins  to  be  evolved. 

^  In  regard  to  the  frog,  the  excellent  researches  of  Roesel,  in  his  Historia 
Ranarwn  nostratium,  fol.  Nurnb.  1/58,  may  satisfy  whoever  has  no  leisure  or  in- 
clination to  undertake  inquiries  for  himself.  In  the  green  frog  (Rana  esculenta) 
the  male  must  often  continue  his  embraces  of  the  female  for  thirty  or  forty  days, 
the  exclusion  of  the  ova  from  the  cloaca  extending  over  this  interval  of  time.  In 
the  brown  frog  (braunen  grasfrosch),  the  ova  of  which  are  extruded  in  a  single 
mass  in  the  course  of  a  quarter  of  an  hour,  the  connection  is  much  shorter ;  as 
soon  as  the  ova  are  fairly  expelled,  the  male  discharges  his  fecundating  fluid  over 
them,  and  immediately  afterwards  quits  the  female.  In  the  tree  frog  the  pairing  lasts 
about  three  days  and  nights  before  the  spawn  is  shed ;  the  period  over  which  the 
shedding  extends  is  very  various,  from  two  to  twenty-four  hours ;  if  it  proceeds 
too  slowly,  the  male  is  apt  to  forsake  the  female  before  it  is  completed,  in  which 
case  the  last  laid  ova  prove  unfruitful.  Precisely  similar  circumstances  are  ob- 
served in  regard  to  the  bufonidae  and  several  other  animals. 

^  On  the  pairing  of  fishes  see  the  observations  of  Grant  and  of  Argillander,  as 
they  are  reported  by  Von  Baer,  but  augmented  by  several  peculiar  to  himself,  in 
his  Researches  on  the  Development  qf  Fishes,  (Untersuchungen  iiber  die  Ent- 
wickelungsgeschichte  der  Fische)  Lips.  I83&. 
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•  

in  succession,  must  necessarily  glide  past  them  ".  These  examples, 
chosen  from  very  different  groups  of  the  organic  kingdom,  might 
be  readily  added  to ;  they  all  tend  to  prove  that  in  the  generative 
act,  under  whatever  variety  of  circumstances  this  takes  place,  whe- 
ther with  or  without  coitus,  the  semen  and  the  ova  are  brought 
into  mutual  contact. 

§  30.  It  is  infinitely  more  difficult  to  speak  definitively  as  to 
what  passes  in  the  interior  of  the  female  organs  of  generation  in 
the  higher  vertebrate  animals.  The  older  accounts  of  semen  hav- 
ing been  found  in  the  uterus  in  the  dead  bodies  of  women,  are 
unsatisfactory,  inasmuch  as  the  only  certain  means  of  distinguish- 
ing semen,  viz.  microscopic  analysis,  was  not  then  employed.  On 
the  other  hand,  however,  the  presence  of  spermatozoa  in  the 
interior  of  the  female  sexual  organs,  after  the  access  of  the  male, 
may  be  demonstrated  by  direct  experiment  in  the  case  of  birds 
and  mammalia.  Some  of  the  older  observers  had  already  detected 
U\ing  spermatozoa,  even  several  days  after  coitus,  in  the  vagina 
and  uterus,  as  high  as  the  commencement  of  the  Fallopian  tubes  of 
the  bitch  and  rabbit ".  More  recent  inquirers  have  amply  authen- 
ticated these  discoveries  •* ;  and  there  can  now  be  no  question  but 

^  Audouin  has  called  the  bag  or  bladder  in  the  female  insect  which  receives  the 
aemen,  poehe  coptUatrice.  If  butterflies,  chaffers,  &c.  be  taken  m  coitu,  this 
pouch  will  always  be  found  full  of  semen,  containing  an  abundance  of  active 
spermatosBoa ;  see  my  Contfibutions  to  the  History  of  Oeneraiion,  (Beitrage,  &c.) 
p.  560.  A  very  complete  anatomical  and  physiological  paper  of  Siebold,  assigns 
the  receptaculum  seminis  as  a  very  general  structure  among  insects.  Miiller's 
Arckiv,  1837,  S.  392.  See  also  Newport's  article  Insecta,  in  the  Cychptedia  of 
AjuUomy  and  Physiology,  vol.  ii.  p.  993. 

^  In  Leeuwenhoeck's  unrivalled  works  there  are  many  very  remarkable  ob- 
servations on  this  subject,  observations  which  have  not  been  duly  appreciated  in 
later  times.  He  caused  bitches  to  be  served  several  times  with  the  dog,  the  last 
coitas  being  made  to  take  place  one  or  two  days  after  the  first,  and  he  always 
foond  spermatozoa  in  great  numbers,  not  only  through  the  whole  body  of  the 
atems,  but  in  both  of  its  comua,  to  the  conmiencement  of  the  Fallopian  tubes. 
Vide  Opera  Omnia,  i.  p.  149.  Observations  of  the  same  kind  were  made  on 
rabbito,  ibid,  p.  66. 

"  The  researches  of  Prevost  and  Dumas,  which  have  been  confirmed  by  myself 
and  others,  are  very  conclusive.  The  physiologists  named,  on  opening  the  bodies 
of  bitches  and  female  rabbits  twenty-four  hours  after  coitus,  found  spermatozoa 
in  numbers,  and  moving  with  vivacity  in  the  horns  of  the  uterus ;  there  were 
none  in  the  vagina;  on  many  occasions  they  perceived  a  thin  transparent  serous 
flaid  in  the  capsule  around  the  ovary,  but  no  spermatozoa.  In  bitches,  so  long  as 
three  and  four  days  after  coitus,  the  Fallopian  tubes  were  still  found  to  contain 
Kpennatozoa  in  small  numbers ;  the  comua  of  the  uterus,  however,  contained 
many,  which  were  extremely  lively ;  but  in  the  fluid  from  the  precincts  of  the 
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that  the  facts  as  particularly  stated  in  regard  to  the  dog  and  rab- 
bit, are  quite  general.  Spermatozoa  may  be  found  in  the  recently 
dead  bodies  of  almost  all  animals  that  are  frequently  in  heat,  and 
produce  several  litters  in  the  course  of  the  year.  In  the.female  rat 
and  mouse,  for  instance,  it  is  very  common  to  find  spermatozoa,  so 
easily  distinguished  in  these  creatures  by  their  highly  character- 
istic forms,  lying  in  masses  within  the  cornua  of  the  uterus,  and 
even  in  contact  with  the  ova  which  have  but  just  entered  them". 
In  birds,  also,  the  same  circumstances  are  frequently  to  be  observed. 
In  a  general  way,  indeed,  success  has  not  attended  the  attempts 
that  have  been  made  to  trace  the  spermatozoa  to  the  immediate 
vicinity  of  the  ovaria ;  still,  in  several  instances,  recent  observers 
have  actually  discovered  spermatozoa  within  the  capsular  pro- 
longations of  the  Fallopian  tubes  that  inclose  the  ovaria  ^. 

ovaria  there  were  never  any  to  be  discovered.  Even  on  the  sixth  and  seventh 
day  spermatozoa  could  be  distinguished  in  the  cornua,  but  their  number  was  now 
much  diminished ;  in  the  (pbes  none  were  to  be  found.  Armales  des  Sciences 
Nat,  tom.  iii  p.  119—122. 

^  Vide  my  observations  on  the  rat,  in  Froriep's  Neue  Notizen,  Bd.  iii.  No.  51. 
July,  1837.  Between  ova  which  had  but  just  become  attached,  I  found  masses 
of  spermatozoa  of  the  characteristic  forms  already  described. 

^  Dr.  Bischoff,  of  Heidelberg,  lately  communicated  the  following  observation 
to  me  by  letter : — *'  I  have  now,"  says  he,  '*  completely  satisfied  myself  that  the 
spermatic  fluid  reaches  the  ovary.    After  having  repeatedly  found  spermatozoa 
in  the  vagina,  and  particularly,  tiiough  no  longer  alive,  in  the  Fallopian  tubes,  in 
bitches,  some  time  after  the  intercourse  of  the  male,  I  was  at  length  so  fortunate 
as  to  discover  the   fact  I  have  announced,   in  a   bitch  which  had  been  in 
my  possession  previously  to  falling  in  season  for  the  first  time,  and  which 
I  knew  for  certain  to  have  been  lined  first  on  Thursday,  the  21st  of  June, 
1838,  at  seven  o'clock  in  the  evening,  and  again  on  Friday,  at  two  o'clock  in  the 
afternoon.    This  bitch  was  examined  half  an  hour  after  the  last  encounter ; 
I  found  spermatozoa  alive  and  active  in  the  vagina,  in  the  uterus,  through 
the  whole  length  of  the  tubes  and  between  their  fimbria,  and  finally  in  the  sac 
or   capsule  which  the  peritoneum  forms  around  the  ovary,  and  even  upon 
this  organ  itself.    There  could  be  no  doubt  of  the  fact  as  I  state  it.    I  have  pre- 
served the  other  comu  of  the  uterus  in  spirit ;  perhaps  spermatozoa  may  yet  be 
recognizable  in  it."    I  myself  made  an  observation  on  the  3rd  of  December, 
1838,  which  confirms  this  of  BischofiT  in  almost  every  particular,  which  in  fact 
dififers  from  his  in  littie,  save  as  regards  the  time  at  which  it  was  made,  but  may 
not  perhaps  be  considered  the  less  interesting  on  that  account.    The  subject  of 
my  observation  was  a  bitch  which  had  been  kept  at  the  anatomical  theatre  o(  this 
place  for  the  last  four  years,  and  which  had  already  littered  eight  times  (the  last 
time  in  the  spring  of  the  year).    This  bitch  had  been  observed  to  be  in  heat  for 
eight  days ;  she  was  served  in  my  presence  at  one  o'clock,  p.  m.  and  immediately 
after  the  coitus,  which  lasted  some  twelve  minutes,  was  at  an  end,  she  was  shut 
up.    After  the  lapse  of  exactiy  forty-eight  hours,  the  animal  was  destroyed  and 
examined.    The  vagina  was  found  somewhat  bloody,  but  otherwise  dry ;  in^' 
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§  81.  That  immediate  contact  of  the  spermatic  fluid  with  the 
ova  is  necessary  to  fertilize  these  is  farther  shown  by  the  experi- 
ments on  artificial  impregnation  which  were  performed  by  the 
inquirers  qf  the  last  century  with  every  precaution  and  great 
diligence.  In  regard  to  vegetables^  it  has  been  long  since  proved 
that  artificial  fertilization  was  readily  accomplished  in  diclinial 
(monoecious  and  dioecious)  plants  by  transferring  the  pollen  of  the 

vidual  spermatozoa  were  found  lying  everjrwhere  between  the  large  epithelial 
scales ;  these  spermatozoa  were  all  dead.  In  the  uterus  the  number  of  sperma- 
tozoa was  greater,  and  here  they  were  all  alive.  The  number  and  activity  of  the 
sp^matozoa  mcf  eased  conspicuously  in  the  comuaof  the  uterus  and  in  the  Fallo- 
pian tubes ;  but  it  was  at  the  abdominal  end  of  the  tubes  that  the  animalcules 
presented  themselves  in  ^preatest  abundance ;  here  they  completely  filled  every 
depression  of  the  mucous  membrane  in  aggregated  masses ;  their  motility  con- 
tinued for  three  hours  in  albumen  on  the  stage  of  the  microscope.  In  the  cap- 
sule or  pouch  around  the  ovary  I  did  not  discover  any  spermatozoa,  but  I  saw 
many  fiill  of  activity  and  vigour  among  the  fimbriae,  on  the  right  side  and  close 
to  the  ovary,  in  which  there  were  three  Graafian  vesicles  very  prominent,  one  of 
them  having  even  already  given  way.  On  the  left  side  there  were  no  spermatozoa 
found  betwixt  the  fimbris,  but  many  at  the  abdominal  opening  of  the  tube.  In 
the  ovary  of  this  side  there  were  two  Graafian  vesicles  ready  to  burst.  The  cilia 
on  the  mucous  membrane  of  the  fimbriae  were  in  lively  action^  but  what  seems 
remarkable  is  this, — that  though  I  could  readily  trace  Uie  cylindrate  epithelium 
through  the  whole  uterus  and  tubes,  yet  it  was  uniformly  without  cilia.  In  the 
vagina  there  was  nothing  but  tessellate  epithehum.  The  slightly  milky  fluid 
(milky  from  the  admixture  of  oily  particles),  which  was  believed  by  older  ob- 
servers to  be  semen,  filled  the  capsules  about  the  ovaries,  especially  the  one  on  the 
right  side,  to  the  amoimt  of  several  drops ;  it,  however,  contained  no  spermatozoa. 

[Dr.  Martin  Barry  has  also  observed  spermatozoa  on  the  ovary.  His  words 
are :  "  in  seventeen  out  of  nineteen  instances  in  the  rabbit,  though  the  parts 
were  generally  examined  while  still  warm,  I  was  unable  to  discover  spermatozoa 
in  the  fluid  collected  from  the  surface  of  the  ovary.  In  the  other  two  instances, 
however,  spermatozoa,  or  at  least  animalcules  exactly  like  those  I  had  been  ac- 
customed to  meet  with  in  the  uterus  and  vagina,  were  really  found  on  the  ovary. 
I  should  rather  say,  that  on  one  of  those  occasions  spermatozoa  were  seen,  while 
on  the  other  it  was  a  single  spermatozoon  that  was  observed.  Some  of  the  former 
were  alive  and  active,  though  not  in  locomotion ;  others  were  dead.  In  that 
case,  twenty-four  hours  pott  coUum,  there  was  neither  enlargement  of  the  Graafian 
vesicles,  nor  a  high  degree  of  vascularity  in  any  of  the  parts.  In  the  other  in- 
stance the  single  spermatozoon  found  <was  dead,  and  the  ova  had  escaped.  *  * 
*  *  Whether  the  seminal  fluid  penetrates  into  the  interior  of  the  ovary,  I  am 
unable  to  determine ;  but  certainly  the  changes  above  described,  as  taking  place 
post  coiium,  in  the  condition  of  the  ovum,  while  still  in  the  ovary,  are  too  remark- 
able not  to  favour  the  supposition  that  it  does."  Researches  in  Embryology^ 
second  series,  PhU.  Drans.  for  1839,  p.  315.  It  is  worth  noting  that  the  observa- 
tion of  BischoflT,  recorded  in  the  preceding  part  of  this  annotation,  was  made  on 
the  22nd  of  June,  1838  ;  those  of  Dr.  Barry  on  the  5th  and  6th  of  September, 
and  that  of  Professor  Wagner  on  the  3rd  of  December,  in  the  same  year.  R.  B.  T.] 
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one  flower  to  the  stigma  of  the  other.  The  ova  of  frogs,  toads, 
newts,  and  different  fishes,  are  in  like  manner  readily  fertilized  by 
having  a  little  of  the  spermatic  fluid  of  their  several  males  passed 
over  them ;  and  even  among  mammalia  impregnation  seems  actually 
to  have  been  eflected  by  the  injection  of  spermatic  fluid  by  arti- 
ficial means  into  the  vagina  '*. 

§  32.  Experiments  of  an  opposite  character,  or  in  which  the 
male  sperma  is  prevented  from  reaching  the  ova,  prove  that  ma- 
terial contact  is  indispensable  to  fecundation :  the  ova  of  the  frog 
and  of  fishes,  unless  brought  into  contact  with  the  sperma  of  their 
several  males,  remain  unfruitful ".  Among  birds,  the  general  rule 
is  that  no  eggs  are  laid  unless  fecundation  by  the  male  has  taken 
place ;  still  it  often  happens  that  the  common*  fowl  lays  eggs  with- 
out having  been  trodden  by  the  cock ;  these  eggs,  however,  are 

^  The  experiments  of  Koelreuter  on  vegetables  (*'  A  short  Account  of  certain 
Experiments  in  regard  to  the  Sexes  of  Plants,  Lips.  1761,''  and  ''three  supple- 
ments, ib.  1763—66."  in  German),  deserve  to  be  mentioned;  as  also  those  of 
Conrad  Sprengel  ("  The  Secrets  of  Nature  discovered  in  the  Structure  and  Fer- 
tilization of  Flowers,  Berl.  1793,"  in  German).  The  "Biologic"  of  Treviranus 
contains  a  complete  summary  of  these  matters,  as  also  of  the  subjects  handled  in 
several  of  the  succeeding  paragraphs  of  the  text.  On  the  artificial  fertilization 
of  the  ova  of  frogs  and  toads,  see  the  classical  work  of  SpallAnzam—'Esperienze, 
Sjfc.  There,  too,  Spallanzani  relates  the  remarkable  case,  in  which,  by  means  of  a 
syringe,  warmed  to  30°  R.  he  injected  the  spermatic  fluid  of  a  dog  which  bad 
had  an  emission,  into  the  vagina  and  uterus  of  a  bitch  in  season,  the  animal 
having  heen  as  many  as  thirteen  days  confined  previously  to  coming  into  heat, 
and  the  experiment  heing  performed  on  the  twentieth  day,  when  the  cestrum  was 
at  its  height.  Two  days  after  the  injection  the  animal  ceased  to  be  in  heat;  after 
a  lapse  of  twenty  days  the  abdomen  began  to  enlarge,  and  on  the  sixty-second 
day  she  produced  a  litter  of  three  puppies,  two  males  and  one  female,  which 
were  very  lively,  and  in  their  general  shape  and  colour  very  much  resembled  not 
only  the  mother,  but  the  dog  from  whom  the  spermatic  fluid  had  been  obtained 
for  the  experiment.  The  bitch  was  of  the  poodle  breed,  and  had  already 
had  a  litter.  Professor  Rossi,  of  Pisa,  is  said  to  have  repeated  this  expen- 
ment  with  success :  OpuscoU  scelti  di  MUano,  t.  v.  p.  96 :  in  the  translation  of 
Spallanzani  into  German,  p.  343.  Rusconi  has  fertilized  the  ova  of  the  tencb 
(cyprinus  tinea)  artificially :  he  compressed  the  abdomen  of  the  female  at  the 
spawning  season,  and  received  the  ova  as  they  fell  from  the  anus  into  a  vessel  ot 
water ;  he  pressed  the  abdomen  of  a  male  fish  in  the  same  manner,  and  caught  a 
few  drops  of  the  seminal  fluid  in  the  same  vessel ;  the  fluid  diffused  itself  as  a 
slight  cloud  in  the  water,  and  actually  impregnated  the  ova.  Miiller's  Archivi^f 
1836.  S.  278. 

•7  Here,  too,  the  experiments  of  Spallanzani  are  highly  important  H* 
inclosed  the  lower  part  of  the  body  of  a  male  frog  in  a  pouch  of  oil -silk  5  the 
animal  copulated  with  the  female  as  usual,  plenty  of  spawn  was  laid,  hut  not  a 
single  o\Tim  came  to  anything.  On  examing  the  oil-silk  covering,  he  found  tne 
spermatic  fluid  clinging  in  drops  to  its  interior. 
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unfecundated  and  not  proper  for  incubation ;   they  spoil  rapidly 
instead  of  producing  a  chick  when  set  under  the  parent". 

§  33.  We  know  that  among  many  of  the  lower  Vertebrata  the 
ova  of  the  female  are  extruded  before  fecundation  has  taken  place^ 
and  that  therefore  the  separation  of  the  ova  from  the  place  of  their 
formation  is  not  in  direct  connexion  with  their  fecundation.  The 
extrusion  of  the  ova  in  these  cases  is  to  be  viewed  rather  as  a 
consequence  of  the  excitement  arising  from  sexual  intercourse. 
Among  mammalia  and  in  man^  on  the  contrary^  the  rule  would 
seem  to  be  that  no  ova  are  detached  from  the  Graafian  vesicles 
unless  fecundation  has  taken  place.  For  this  reason^  that  opinion 
appears  improbable  according  to  which  the  product  of  the  ovary, 
even  in  those  cases  in  which  fecundation  is  accomplished  internally, 
18  cast  loose  to  meet  the  sperma ''.    The  grounds  for  believing  that 

^  Baer,  in  his  "History  of  DevelopmeDt"  {Enwickekmgsgeschichte,  Sfc), 
Toh  ii.  p.  24,  says : — "  The  greater  number  of  birds  also  lay  eggs  only  after  they 
are  impr^nated.  In  very  productive  birds,  however,  ova  often  free  themselves 
spontaneously  from  the  ovary,  and  it  is  well  known  that  hens,  which  are  amongst 
the  most  prolific  of  all  birds,  lay  eggs  even  when  they  have  had  no  intercourse 
whatever  with  the  cock ;  these  hens,  however,  begin  to  lay  later  than  those  that 
have  been  duly  visited  by  the  male  bird,  llie  same  circumstance  happens  not 
very  uncommonly  among  others  of  our  domestic  poultry.  And  individual 
instances  of  its  occurrence  are  reported  among  birds  in  general.*' 

®  [The  determination  of  the  periods  at  which,  and  the  circumstances  under 
which  ova  are  or  may  be  cast  loose  from  the  ovary  among  animals,  and  especially 
in  the  human  female,  is  a  point  of  great  interest,  and  may  upon  occasion  become 
one  of  much  importance.  It  is  familiarly  known  and  admitted  that  among  the 
lower  animals  Graafian  vesicles  very  generally  burst,  and  of  course  shed  their 
contents,  towards  the  end  of  the  period  of  heat,  whether  they  have  had  connexiotf 
with  the  male  or  not.  So  long  ago  as  the  year  1672  the  celebrated  Kerkring 
{PhU.  TYans.  1672.)  maintained  that  ova  were  occasionally,  at  least,  discharged 
from  the  ovary  of  the  human  female  during  the  menstrual  period.  Subsequently 
it  was  several  times  observed  that  the  ovaries  of  females  who  had  died  during  the 
menstrual  period  presented  appearances  which  could  only  be  referred  to  the 
bursting  of  one  of  the  Graafian  vesicles.  A  remarkable  case  of  the  kind  is 
recorded  by  Sir  E.  Home  (Philos.  Trans.  1817).  Dr.  Power  {An  Essay  on  the 
periodical  discharge,  8fc.  8vo.  Lond.  1832)  seems  to  have  been  the  first  who 
ventured  an  opinion  to  the  effect  that  the  phenomena  of  menstruation  were  con- 
nected with  the  escape  of  an  ovum  from  the  ovary,  but  as  this  was  strengthened 
by  no  particular  feicts,  it  can  be  viewed  only  as  an  ingenious  conjecture.  It  was 
Dr.  R.  Lee  (Art.  Ovaria,  in  Cyclop.  ofPract.  Med.  Lond.  1834)  who  from  posi- 
tive data — from  repeated  examinations  of  the  bodies  of  women  who  had  died 
while  menstruating,  and  a  comparison  of  the  results  of  experience  in  reference  to 
disease,  and  absence,  and  loss  of  the  ovaria,  first  maintained  that  "  all  the  pheno- 
mena of  menstruation  depend  upon  or  are  connected  with  some  peculiar  change 
in  the  Graafian  vesicles,  in  consequence  of  which  an  opening  is  formed  in  their 
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the  fecundation  of  the  ovum  takes  place  in  the  ovary  are  as  follows : 
1st,  The  fact  that  the  semen  penetrates  to  the  ovary,  2d.  The  cir- 
cumstance that  the  ova  of  birds^  and  also  of  mammalia,  advance  to 
maturity  partially  and  in  succession,  and  are  also  detached  from 
the  ovaria  in  the  same  manner,  and  that  the  fecundated  ova  in 
different  families  of  the  mammalia  first  make  their  appearance  in 
the  uterus  after  the  lapse  of  a  certain  interval  of  time,  more  or  less 
considerable,  from  the  last  visit  of  the  male,  an  interval  which  is 
often  so  considerable  as  to  render  it  improbable  that  the  semen 
continues  accumulated  in  the  uterus  during  its  course •*•  3d.  The 
occurrence  of  cases  of  extra-uterine  conception,  which  are  by  no 
means  unfrequent  either  in  the  human  subject  or  among  animak, 
speak  loudly  for  impregnation  of  the  ova  in  the  ovary ;  in  these 
cases  the  embryo  commences  and  continues  its  evolution  in  the 

peritoneal  and  proper  coats."  '*  Menstruation/'  he  goes  on  to  say,  "  probably 
does  not  take  place  during  infancy,  because  the  ovaria  are  not  then  developed ; 
it  is  absent  during  pregnancy  and  lactation,  because  at  these  periods  they  are  in 
a  quiescent  state ;  and  after  the  age  of  forty-six  the  catamenia  cease,  because  the 
parenchymatous  structure  of  the  ovaria  has  partially  disappeared  and  the 
Graafian  vesicles  have  degenerated."  M.  Gendrin  {TVait^  Pkdos.  de  M^.  Prat, 
t  u.  Svo.  Paris  1839)  has  adduced  several  new  and  interesting  facts  which  amply 
confirm  these  conclusions  of  Dr.  Lee,  without  noticing  them  however;  and  he 
infers  that  "the  menstrual  hemorrhage  is  but  the  periodical  expression  of  a 
function  which  begins  with  puberty  and  ends  with  the  critical  age,  and  that  this 
function  consists  in  the  production  and  development  of  the  ovarian  vesicles  ;— 
it  brings  a  vesicle,  and  therefore  an  ovum,  periodically  to  maturity  on  the  surface 
of  the  ovary,  to  be  thence  either  expelled  or  destroyed  by  the  rupture  and  the 
inflammation  of  the  vesicle"  (1.  c.  p.  29).  Vide  further  on  the  evidences  and 
effects  of  this  periodical  process,  in  the  annotations  under  §  68.  R.  W.]  Bur- 
dach  enters  fully  into  the  reasons  for  and  against  this  view,  Physiolofie, 
vol.  i.  §  292).  He  concludes  that  in  absolute  internal  impregnation,  as  well  as  in 
that  which  is  external,  the  product  of  the  ovarium  and  the  spermatic  fluid  come 
into  immediate  contact. 

*°  In  rabbits,  ova  are  usually  found  in  the  comua  of  the  uterus  on  the  third 
day  after  effective  coitus ;  in  the  dog,  and,  it  would  appear,  in  the  human  subject 
also,  the  ova  do  not  enter  the  uterus  before  the  eighth  day.  Roe-deer  are  very 
remarkable  in  regard  to  the  time  at  which  the  ova  enter  the  uterus.  Among  these 
animals  the  rutting  season,  and  with  it  sexual  intercourse,  occur  towards  the 
end  of  August  and  beginning  of  September ;  at  this  time  Pockels  found  the 
uterus  turgescent,  full  of  blood,  and  the  mucous  membrane  spongy ;  but  he 
saw  no  change  in  the  ovaria;  immediately  after  this  the  turgescence  of  the 
uterus  declines,  and  it  is  only  at  the  end  of  December  that  the  effects  of  the 
sexual  intercourse  begin  to  show  themselves ;  there  is  now  a  fresh  turgescence 
of  the  uterus,  a  grasping  of  the  ovary  by  the  extremity  of  the  Fallopian  tube,  and 
enlargement  of  a  Graafian  vesicle ;  at  the  beginning  of  January  the  embryo,  of 
extremely  minute  size,  is  discovered  for  the  first  time  in  the  horn  of  the  uterus. 
See  Dr.  Pockels'  very  interesting  paper  in  MiiUer's  Archw  fur  1836.  S.  193. 
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ovaiy  or  in  the  cavity  of  the  abdomen^  aa  the  case  may  be,  and 
often  attains  maturity  with  a  perfectly  normal  condition  of  all  its 
members.  4th.  Direct  experiments,  which,  though  they  are  inade- 
quate to  decide,  yet  powerfully  support  this  view :  if  the  oviducts, 
or  Fallopian  tubes,  be  tied  or  divided  in  animals  immediately  after 
sexual  intercourse,  and  before,  according  to  the  data  supplied  by 
obs^-vation,  the  spermatic  fluid  could  have  penetrated  to  the  ovary, 
no  fecundation,  no  development  of  ova  follows ;  whereas  the  liga- 
ture or  division  of  the  same  parts,  if  not  performed  for  two  or  three 
days  after  coituB,  has  no  influence  in  preventing  the  evolution  of 
the  embryo'^ 

§  34.  It  is  not  absolutely  necessary  in  man  and  the  mammalia 
that  the  male  organs  of  generation  should  penetrate  completely 
into  the  corresponding  organs  of  the  female,  in  order  that  impreg- 
nation may  follow  the  sexual  act;  this  indeed  is  facilitated  by  such 

**  The  ezperiments  of  Haighton  on  rabbits  are  highly  important :   the  di- 
vision of  one  oviduct  (Fallopian  tube)  i performed  from  one  hour  and  a  half  to 
foar  hours  after  coitus,  prevented  the  bursting  of  the  vesicles^on  both  sides;  if 
the  operation  was  performed  forty-eight  hours  after  coitus,  fewer  vesicles  burst 
on  the  injured  side,  and  no  embryo  was  developed ;  on  the  uninjured  side  how- 
ever perfect  fecundation  followed.    Tbe  division  effected  sixty  hours  after  coitus 
had  no  influence  in  impeding  the  development  of  the  embryos  on  either  side, 
^lien  coitus   took  place  after  the  division  and  closure  of  one  of  the  tubes, 
Haighton  found  a  vesicle  of  the  corresponding  ovary  ruptured,  but  no  embryo 
was  produced;   on  the  uninjured  side,  on  the  contrary,  impregnation  and 
devebpment  followed  as  usual.    Vide  PhiL  7rafu.  for  the  year  1797'    These 
ioqairies  are  often  quoted  amiss,  and  spoken  of  as  if  they  favoured  the  opinion 
that  the  stimulus  of  the  sexual  act  was  regularly  followed  by  the  rupture  of  a 
Graafian  vesicle.  Vide  §  41.     [See  also  Dr.  filundell's  experiments  confirmatory 
of  these  views  in  Medwa-Chirurg,  TVansactions,  vol.  X.    The  experiments  of 
Haighton  have  been  variously  interpreted  according  to  the  views  of  individuals 
and  to  the  appearances  in  the  ovary  which  were  held  significant  of  impregnation. 
Dr.  Haighton  himself  regarded  his  experiments  as  leading  to  conclusions  other 
than  those  in  the  text ;  he  says  expressly  that  they  "  overturned  any  argument 
which  has  been  adduced  to  support  the  hypothesis  that  the  effusion  of  semen  on 
the  ovaries  is  essential  to  impregnation,"  which  he  ascribes  entirely  to  sympathy  ; 
**  the  semen  stimulates  the  vagina,  os  uteri,  cavity  of  the  uterus,  or  all  of  them ; 
by  sympathy  the  ovarian  vesicles  enlarge,  project,  and  burst,"  &c. :    here  he 
assumes  the  presence  of  corpora  lutea  in  the  ovaries  as  indubitable  evidences  of 
impregnaUon  having  occurred ;  he  sets  out  in  his  inquiries,  indeed,  with  the 
axiom  that  "  no  corpora  lutea  ever  exist  in  virgin  animals,"  and  therefore  con- 
cedes that  wherever  they  occur  there  impregnation  has  preceded.    But  having 
constantly  observed  that  though  corpora  lutea  presented  themselves  in  the  ovary 
of  that  side  the  Fallopian  tube  of  which  had  been  divided,  no  embryo  was  ever 
found  there,  whilst  on  the  opposite  side  where  the  Fallopian  tube  was  entire 
Wh  corpora  lutea  and  embryos  were  discovered  in  like  numbers,  he  asks,  "  if 
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a  penetration^  but  it  is  enough  that  the  male  sperma  be  simply  so 
thrown  or  introduced  into  the  female  organs^  as  that  it  may  by 
possibility  reach  the  os  uteri ;  this  may  happen  without  destruction 
of  the  hymen,  the  injection  taking  place  through  its  opening ;  the 
continued  advance  of  the  spermatic  fluid  after  this, — its  passage 
through  the  uterus  and  along  the  Fallopian  tubes, — ^is  secured 
partly  by  the  ciliary  motions  which  begin  in  the  cervix  uteri, 
partly  by  the  contractions  of  the  tubes,  and  partly  by  the  motility 
of  the  spermatozoa ; — ^which  of  these  various  means  proves  the  most 
efRcient  in  accompUshing  the  purpose  in  question,  cannot  at  pre- 
sent be  determined.  There  are  decisive  cases  as  regards  man,  in 
which  fruitful  intercourse  has  taken  place  without  actual  intromis- 
sion ** ;  men  with  malformations  of  the  intromitting  organ, — ^with  . 
hypospadias  and  epispadias  of  the  worst  kinds ;  men  who  have  had 
the  penis  partially  amputated,  in  whom  but  a  very  imperfect  coitus 
could  take  place,  have  all  proved  their  capacity  to  engender". 
Those  cases,  on  the  contrary,  are  highly  improbable,  and  generally 
not  well  or  truly  reported,  in  which  impregnation  is  said  to  have 
taken  place  along  with  entire  closiure  of  the  vagina,  with  a  com- 
pletely imperforate  hymen,  or  in  which  the  external  surface  of  the 
abdomen,  or  the  clothes  only,  were  wetted  by  the  seminal  fluid  in 
the  course  of  an  incomplete  or  forcibly  attempted  coitus  '*• 

§  35.  We  have  now  to  inquire  into  the  more  inunediate  con- 
ditions necessary  to  fecundation  as  regards  the  quantitative  and 

the  application  of  semen  to  the  vagina  or  uterus  be  sufficient  to  stimulate  the 
ovaries  to  perfonn  their  first  procreative  functions  without  enabling  them  to 
achieve  any  thing  more  ?  and  does  it  require  the  active  energies  of  the  seminal 
fluid  operating  by  direct  contact  on  the  surface  of  the  ovaries  to  produce  the  full 
measure  of  their  effects  ? "  The  answer  we  should  give  to  these  queries  would 
be  in  the  spirit  of  the  text :  the  ovaries  in  a  fertile  female  animal  do  sdready  and  of 
themselves  perform  their  first  procreative  functions,  i.  e.  they  prepare  ova  and 
perchance  even  cast  these  loose  during  the  season  of  heat  or  menstruation ;  and 
farther,  the  active  energies  of  the  seminal  fluid,  operating  by  direct  contact  with 
the  surface  of  the  ovaries  or  the  ova,  are  required  to  have  this  first  procreative 
function  made  effective,  to  have  it  followed  by  the  development  of  an  embryo.  R.  W.] 

^  Cases  of  the  kind  occur  in  many  of  the  later  as  well  as  earlier  writers  (vide 
Burdach,  Phynologxe,  i.  528).  Very  recent  cases  are  related  by  Heim,  Ribkc, 
Casper,  and  myself.  Vide  Casper's  Wochenschrtft,  1835,  Nos.  1,  3,  and  29; 
Henke's  Zeitschrift,  25*«  Erg'dnzungshrft,  S.  1 . 

^  Burdach  quotes  the  cases  in  which  malformations  of  parents  are  transmitted 
as  aff()rding  security  against  any  possible  mistake. 

^  In  theie  cases  of  coalescence  of  the  vagina  and  the  like,  there  was  undoubt- 
edly always  an  opening,  however  small.  Against  the  idea  that  impregnation  can 
follow  simple  wetting  of  the  linen,  &c.  vide  Henke  in  his  Zeitschrift  f.  183/,  S. 
1,  and  the  whole  of  my  previous  and  further  remarks. 
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qualitative  relations  of  the  sperma  to  the  ovum^  and  the  reciprocal 
influence  of  these  upon  one  another.  The  chief  conditions  are :  1. 
That  the  ovum  possess  a  certain  maturity  of  its  elements^  espe- 
cially, as  it  would  seem,  of  its  viteUus  or  yolk ;  it  is  not,  however, 
always  necessary  that  the  yolk  be  completely  developed  in  order 
that  fecundation  be  effected.  Among  birds,  for  instance,  several 
OTa  Tery  unequally  advanced,  and  that  go  on  ripening  gradually^ 
and  attain  maturity  in  succession,  are  often  fecundated  at  once ; 
a  great  number,  however,  still  remain  unimpregnated  in  these 
cases,  and  do  not  advance.  Among  amphibia  aind  fishes  ripe  ova 
only,  and  these  even  excluded  from  the  ovaria,  can  be  fecundated 
artificially ;  in  man  and  the  mammalia  the  ovarian  vesicles  that 
burst  are  the  largest,  and  therefore  it  may  be  presumed  the  ripest. 
2.  The  sperma  must  be  recent.  The  fecundating  power  of  the 
male  secretion  is  not  always  lost  suddenly,  or  even  very  speedily ; 
and  the  period  at  which  it  ceases  is  different  in  different  animals : — 
among  frogs  and  fishes  the  sperma  will  still  fecundate  that  w^as 
taken  from  the  bodies  of  animals  killed  hours  before.  The  power 
is  probably  in  relation  with  and  dependent  on  the  vitality  of  the 
spermatozoa;  these,  as  we  have  seen,  are  found  alive  and  active 
after  several  days  in  the  natural  passages,  especially  amidst  the 
slime  of  the  uterus  and  tubes ;  they  die  very  much  sooner  out  of 
the  body.  3.  The  quantitative  relation  of  the  sperma  seems  to  have 
but  little  influence  on  its  fecundating  power ;  a  very  small  quantity 
suffices  among  the  lower  classes  of  animals  to  fertiUze  a  large  num- 
ber of  ova;  and  in  man  and  the  mammalia  it  would  appear  that  a 
much  larger  quantity  is  produced  than  is  absolutely  required,  a 
large  proportion  of  it  being  either  lost  externally,  or  remaining  in 
the  vagina  and  uterus  unused ;  only  a  very  small  quantity  comes 
into  immediate  contact  with  the  ovaries.  4.  The  sperma  must  con- 
tain spermatozoa.  These  exist  in  numbers  in  the  smallest  globule 
of  the  fluid  scarcely  visible  to  the  naked  eye ;  hence  the  experi- 
ments on  artificial  impregnation  that  have  been  reported,  in  which 
this  is  said  to  have  been  accomplished  with  semen  freed  from  ani- 
malcules, must  be  erroneous ;  there  is,  in  fact,  no  means  of  sepa- 
rating the  spermatozoa  from  the  semen.  5.  There  is  no  invariable 
mutual  relation  observable  betwixt  the  quantity  of  semen  and  the 
number  of  fecundated  ova". 

*  The  experiments  of  Spallanzani  have  also  thrown  much  light  upon  the  several 
particnlan  now  enumerated.  The  spermatic  fluid  of  frogs,  toads,  and  so  forth, 
^iU  continue  to  preserve  its  power  for  eight  hours  after  the  death  of  the  animal ; 
(IQution  with  water,  bile,  saliva,  urine,  and  vinegar  in  small  quantity,  does  not 
destroy  the  fertilizing  power;  Rusconi  fecundated  the  ova  of  frogs  with  sperma 
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§  36.  It  is  impossible  to  speak  of  the  material  relation  of  the  se- 
men to  the  ovum  after  or  at  the  instant  of  fecimdation*  The  ideas 
of  some  recent  as  well  as  older  observers  that  the  spermatozoa  pe- 
netrated the  ovum  itself^  and  were  there  developed  into  the  embryo 
or  the  nervous  system  of  the  embryo^  are  altogether  inadmissible. 
No  seminal  animalcule  has  ever  been  discovered  with  the  aid  of  the 
best  instrument  in  the  vitellus^  stratum  vitellinum^  &c.  of  the 
ovum ;  nor  is  it  conceivable  how  these  creatures  should  have  power 
to  penetrate  the  vitellary  membrane.  Seminal  animalcules  are 
indeed  found  in  abundance,  and  even  after  they  are  dead,  in  the 
neighbourhood  of  the  yolk-ball,  but  none  within  its  substance  '*. 
The  possibility  of  the  transudation  of  the  liquor  seminis  to  the 
stratum  vilellinum  is  not  to  be  gainsaid,  though  the  fact  is  not 
demonstrable  by  the  microscope  or  otherwise.  The  notion  that  the 
vitellus,  in  the  ovum  of  the  frog,  to  quote  a  single  case,  has  its  pe- 
culiar furrowed  formation  to  the  end  that  the  spermatic  fluid  may 
reach  and  more  easily  exert  its  specific  influence  on  every  part  of 
the  vitellary  substance  is  unUkely ;  the  furrowed  appearance  of  the 
surface  of  the  yolk  would  rather  seem  to  be  the  effect  of  fecunda- 
tion ^ 

taken  from  the  bodies  of  males  which  were  exposed  in  the  market,  flayed  and 
ready  for  dressing ;  Jacobi  fecundated  ova  with  the  sperm  of  a  carp  which  had 
been  dead  four  days.  The  temperature  has  an  influence  here ;  the  fecundating 
power  continues  longer  when  it  is  cool.  Spallanzani  found  that  the  ova  of  frogs 
were  impregnated  when  he  used  three  grains  of  semen  diflused  in  eighteen 
ounces  of  water  for  his  experiments ;  when  the  same  quantity  of  spermatic  fluid 
was  mixed  with  two  pounds  of  water,  the  fecundating  power  was  very  consider- 
ably diminished,  and  still  more  so  with  three  and  four  pounds ;  but  nevertheleM, 
even  when  the  disproportion  was  so  great  as  twenty-two  pounds  of  water  to  three 
grsdns  of  semen,  several  ova  were  fecundated.  The  fertiliidng  influence  was  the 
same  whether  the  ova  were  kept  plunged  in  the  spermatic  fluid  for  some  comd- 
derable  time,  or  only  for  an  instant.  Vide  Spallanzani  for  further  and  still  more 
varied  details ;  also  Burdach  in  his  Physiologie,  and  Rusconi  in  Miiller's  Arcka 
f.  1835,  S.  207.  Rusconi  found  that  the  ova  in  the  female  frog  were  susceptible 
of  fecundation  three  hours  after  the  animal  had  been  decapitated. 

^  The  statements  of  the  older  observers,  that  the  spennatozoa  penetrated  the 
ovum,  contended  for  entrance  into  it,  shut  themselves  up  there,  and  so  on,  are 
of  course  pure  fables.  Prevost  and  Dumas  in  our  own  times  have  maintained  that 
the  spermatozoa  aflbrded  the  basis  of  the  nervous  system,  brain,  and  spinal  cord, 
and  that  the  rest  of  the  embryo  grew  to  these  out  of  the  female  generative 
elements.  I  have  never  seen  spermatozoa  in  the  vitellus,  but  many  times,  and 
very  plainly,  in  its  inmiediate  vicinity ;  for  instance,  in  the  albuminous  layer  of 
the  fecundated  fish's  egg.    In  the  last  case  they  had  perished. 

^  Rusconi,  in  oppositbn  to  Baer,  is  correct  in  viewing  the  iiirrowing  or 
wrinkling  of  the  surface  of  the  yolk  as  an  effect  of  advancing  developipent  after 
impregnation ;  it  is  a  consequence,  not  a  cause  or  means  of  fecundation.  Vide 
Baer  in  Miiller's  Archiv  1834,  S.  48,  and  Rusconi,  loc.  dL  p.  20/. 
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§  37.  Phenomena  accompanyinff  the  generative  act. 

Besides  the  essential^  the  necessarily  inherent  phenomena  of 
impregnation^  there  is  a  series  of  accompanying  phenomena,  re- 
flections as  it  were,  in  other  organic  systems,  which  play  a  second- 
ary part  in  the  generative  act.  To  this  series  pertain  those  occur- 
rences which  have  their  ground  in  a  participation  of  the  nervous 
system,  and  which  in  an  especial  manner  accompany  the  sexual 
act.  It  is  of  importance  to  have  a  clear  apprehension  of  these 
phenomena,  as  they  exert  an  influence  on  the  due  encounter  of  the 
generative  elements — the  ejaculation  of  the  spermatic  fluid,  and 
the  casting  loose  of  the  ova.  The  nerves  of  common  sensation 
appear  to  be  almost  uniformly  in  a  state  of  high  excitement  during 
the  sexual  act;  an  intense  feeling  of  enjoyment  is  experienced, 
which  mounts  continually,  and  reaches  its  height  at  the  instant  of 
ejaculation ;  it  is  often  so  powerful,  that  it  is  followed  by  a  state  of 
temporary  unconsciousness,  or  the  individual  yields  so  entirely  to 
the  sensation,  that  he  is  no  longer  susceptible  of  other  impressions, 
ejaculation  is  always  an  involuntary  act ;  and  the  muscular  action 
that  efiects  it  belongs  to  the  class  of  motions  which  have  been  cha- 
racterized as  reflected";  that  is,  the  sensory  nerves  of  the  glans 
penis  transmit  a  peculiar  sensation  to  the  brain  and  spinal  cord, 
and  these  reflect  the  impression  upon  the  corresponding  muscular 
parts  of  the  genital  system:  the  scrotum  is  drawn  up  tight  around 
the  testicles,  the  vesiculae  seminales  and  prostate  are  compressed 
by  the  levatores  ani,  and  the  spasmodic  rhythmical  contractions  of 
the  perinatal  muscles,  particularly  the  bulbo-cavemosi,  eflect  the 
vigoroiis  ejaculation  of  the  spermatic  fluid.  This,  according  to  rule, 
only  occurs  during  the  complete  erection  of  the  penis,  by  which  it 
is  fitted  to  penetrate  some  way,  more  or  less,  into  the  vagina. 
Erection  is  accompUshed  by  the  swelling  of  the  corpora  cavernosa 
penis,  which  become  distended  with  blood.  Whether  the  so-called 
arteruB  heUdme  are  concerned  in  the  phenomena  of  erection,  or 
these  are  produced  by  simple  distention  of  the  venous  network  of 
the  penis,  is  not  yet  determined". 

"  On  tbe  immediate  condttionsof  reflected  motions  generally,  see  the  Book  on 
tbe  Nenrous  System.  It  may  be  well  to  state  incidentally  in  this  place,  that  the 
whole  doctrine  of  the  reflex  functions  rests  entirely  upon  an  hypothesis,  which, 
however,  affords  the  best  explanation  that  can  be  offered  of  many  phenomena. 
Ejaculation  also  follows  in  coitus  without  intromission  of  organs,  through  the 
simple  stimulation  of  the  nerves  of  sensation;  among  animals  of  the  most  dis- 
similar kinds  we  often  observe  reciprocal  excitement  of  the  genital  organs,  before 
the  actual  performance  of  tbe  sexual  act :  birds,  fishes,  &c.  touch  or  titillate  the 
e:itemal  genital  orifices,  &c.  &c. 

«  Vide  §  26. 
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§  38.  Ia  the  female  the  sense  of  enjoyment  stib  coitu  appears  to 
be  principally  excited  by  the  friction  of  the  labia  interna  and 
clitoris,  which  are  alike  in  a  state  of  turgesence  or  erection :  this 
nervous  excitement,  as  in  the  male,  often  reaches  such  a  degree  of 
intensity,  that  a  kind  of  syncoptic  state  is  induced.  The  impression 
made  is  also  reflected  on  the  nervous  parts  of  the  internal  organs 
of  generation,  but  the  nature  and  extent  of  the  effects  produced  on 
these  cannot  be  appreciated  by  reason  of  their  situation.  In  all 
probability,  in  consequence  of  the  reflected  impressions  upon  the 
motory  fasciculi  of  the  organic  nen'es,  the  os  uteri  dilates  for  the 
reception  of  the  ejaculated  spermatic  fluid.  An  increased  secretion 
of  the  peculiar-smelling  mucus  of  the  vagina  also  takes  place  *•*. 

§  39.  The  union  of  the  sexes  is  brought  about  by  the  peculiar 
instinctive  feeling  or  appetite  designated  the  sexual  propensity. 
This  appetite  has  physical  grounds  as  the  cause  of  its  normal 
appearance :  the  evolution  of  the  male  and  female  generative  ele- 
ments acts  as  a  stimulus  upon  the  germ-preparing  sexual  system, 
the  nerves  of  which  convey  their  excitement  to  the  sensorium, 
where  the  stimulation  becomes  consciousness,  and  imagination  is 
aroused.  Imagination,  again,  may  in  its  turn  excite  the  sexual 
appetite  without  physical  grounds  ***. 

§  40.  The  various  phenomena  that  usually  accompany  the  sexual 
act  are  by  no  means  to  be  regarded  as  circumstances  essential  to 
its  end ;  they  are  generally,  but  certainly  not  invariably,  associated 
with  a  proUfic  imion.  We  have  seen  that  impregnation  may  be 
effected  in  a  purely  mechanical  or  artificial  way,  when  of  course  all 
the  phenomena  in  question  are  wanting :  women  hav.e  borne  large 
families,  who  never  felt  any  satisfaction  in  the  embraces  of 
their  husbands ;  and  numerous  instances  have  occurred  among 
men,  in  which  fruitful  intercourse  has  taken  place  not  merely 
without  all  sensation  of  pleasure,  but  with  positive  pain ;  also 

^^  Perhaps  the  rupture  of  the  Graafian  vesicle  in  man  and  mammalia,  the  sepa- 
ration of  ova  from  the  ovaria  in  other  animals,  in  consequence  of  the  sexual 
act,  is  an  action  or  incident  to  be  referred  to  this  kw  in  the  physiology  of  the 
nervous  system.  Vide  the  observations  on  reflected  motions  in  the  foregoing 
paragraph. 

'^^  Examples  of  purely  physical  excitement  of  the  sexual  propensity  maybe  oh* 
served  in  many  morbid  irritations  of  the  genital  organs  and  the  parts  connected 
with  them,— for  example,  in  inflammatory  affections  of  these  parts  in  gonorrhoea, 
calculus  in  the  bladder,  ascarides  in  the  rectum,  &c.  The  occasional  instances  of 
strong  sexual  desire  that  have  been  observed  in  eunuchs,  and  in  children  before 
the  age  of  puberty,  indicate  the  existence  of  the  sexual  appetite  without  normal 
physical  causes.  Vide  on  this  point  the  Phynohgy  qf  the  Ntrvous  System,  and 
the  General  Physiology,  Book  iv. 
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without  actual  penetration  of  the  sexual  organs^  and  consequently 
without  that  intimate  mental  and  physical  communion  which  ought 
to  accompany  commixtion  of  bodies^  and  is  usually  held  to  be 
a  state  necessary  to  generation.  Let  but  the  one  essential  con- 
dition^ to  wit,  the  contact  between  the  spermatic  fluid  and  the 
ovum,  be  effected  (§  31),  and  all  is  fulfilled 
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§  41.    Immediate  consequences  of  Sexual  Intercourse  and  Impreffna- 

iion. 

The  most  immediate  consequence  of  the  sexual  act  is  the 
loosening  of  the  ova;  among  some  of  the  lower  animals,  as 
among  frogs,  toads,  fishes,  &c.  this  even  happens  during  the  act ; 
in  other  instances  it  occurs  later,  as  among  insects,  birds,  mam- 
mals, and  man.  The  stimulus  of  the  intercourse  is  felt  by  the 
ovary;  in  the  ripe  ova,  fecundated  or  fit  for  fecundation,  the 
germinal  vesicle  disappears.  How  this  happens,  whether  in  con- 
sequence of  sudden  ruptmre,  or  through  rapid  coUiquescence  and 
b'que&ction,  shrinking  together,  decrease  of  contents,  or  other- 
wise, cannot  be  positively  determined.  It  occurs,  or  may  occur, 
however,  before  positive  fecundation  or  contact  of  the  semen  has 
taken  place  ***.  This  much  is  certain,  that  the  germinalTesicle  is 
always  found  to  have  disappeared  so  soon  as  the  ovum  is  cast 
loose  from  the  ovary ;  in  rare  instances  the  germinal  vesicle  is  even 
wanting  in  every  ripe  ova  still  attached  to  tho^ovary"* .  The  con- 
tents of  the  germinal  vesicle,  in  which,  with  the  increasing  ripeness 
of  the  ovum,  more  and  more  consistent  granulations  are  evolved, 
at  the  same  fime  that  the  germinal  macula  is  often  disintegrated  or 
dissolved,  are  apparently  poured  out  in  the  space  occupied  by  the 
germinal  layer  or  germinal  disc  (§  17),  and  from  the  anatomical 
position  must  be  deposited  in  its  central  part  ^*'.    In  the  mammalia 

^  Examples  of  violation  of  the  person,  with  consequent  impregnation,  are  not 
rare,  but  they  are  inapplicable  as  illustrations  here,  inasmuch  as  the  sensations 
proper  to  the  sexual  act  are  involuntary,  and  majr  be  aroused  at  the  moment  of 
intercourse ;  in  spite  of  the  utmost  extent  of  moral  repugnance  and  disgust.  The 
absence  of  the  phenomena  that  usually  accompany  sexual  intercourse  is  scarcely 
observed  save  among  women,  and  is  probably  owing  to  some  imperfection  of 
physical  constitution ;  these  individuals  nevertheless,  as  stated,  seem  to  conceive 
as  readily,  and  have  often  as  large  families  as  others  differently  constituted. 

***  For  example,  in  frogs,  fishes,  &c. — See  the  earlier  paragraphs. 

^^  This  I  have  observed  in  various  animals :  Baer  mentions  it  in  reference  to 
birds. 

**  An  increase  of  this  kind  in  the  quantity  of  granulations,  with  disappearance 
of  the  original  macula  germinativa,  is  very  distinctly  seen  in  the  scaly  amphibia. 
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a  certain  excitement  consequent  on  the  sexual  act,  perhaps  due  to 
the  presence  of  spermatozoa  in  the  uterus,  is  communicated  to  the 
tubes,  which  with  their  abdominal  extremity  approach  the  ova- 
rium, grasp  this  body  closely  by  means  of  their  fimbriae,  and 
receive  the  ovulum  as  it  escapes  from  the  bursting  Graafian  fol- 
licle "*.  When  this  has  happened,  and  fecundation  follows,  de- 
velopment commences  immediately,  and  without  any  further  in- 
fluence of  the  engendering  individuals.  Among  other  animals, 
birds  for  example,  a  like  attraction  occurs  between  the  oviduct  and 
the  ripe  impregnated  yolks ;  but  here  other  circumstances  must 
be  superadded,  such  as  oviposition,  natural  or  artificial  warmth, 
and  so  on,  if  the  evolution  of  the  egg  is  to  proceed.  Other  conse- 
quences of  sexual  intercourse,  consensual  phenomena  in  the  ner- 
vous system,  are  not  essential  to,  and  have  no  influence  upon  fecun- 
dation *•'. 

§  42.   Superfecundation  and  Superfoetaiion, 

It  may  be  assumed  as  a  positive  and  indisputable  fact  as  regards 
man  and  the  mammalia,  that  with  fruitful  coitus  the  generative  act 
is  closed,  and  its  end  accomplished.  The  rule  is,  that  as  soon  as 
ova  have  been  cast  loose,  the  heat  ceases  in  female  animals :  bitches 
will  not  then  suffer  the  approach  of  the  male.  Here  the  instinct  ap- 

and  even  in  birds  and  tba  mammalia,  they  make  their  appearance  in  the  shape  of 
pale  clear  globules.  See  many  of  the  figures  in  my  Prodromus,  and  that  of  the 
rabbit's  ovum  represented  in  fig.  LXII.  With  regard  to  the  changes  imme- 
diately consequent  on  the  disappearance  of  the  germinal  vesicle,  ^e  are  compelled 
to  seek  refuge  among  pure  hypotheses ;  observation  has  as  yet  come  to  no  con- 
clusions on  this  point.  The  later  researches  of  Schwann  appear  calculated  to  lead 
inquiry  into  another,  and  perhaps  a  more  fruitful  path  than  it  has  yet  taken.  It 
is  possible,  namely,  that  the  germinal  vesicle  is  the  parent  cell  for  new  cells  of  the 
germinal  membrane  or  blastoderma.  The  new  granulations  into  which  I  saw  the 
germinal  macula  of  amphibia  and  fishes  separate,  are  perhaps  young  ceUs  within 
the  parent  cell,  [a  fact  that  has  been  confirmed  by  Schwann  and  Dr.  M.  Bany. 
See  the  account  of  his  Researches,  in  subsequent  annotations.    R.  W.] 

^^  It  has  been  maintained  that  Graafian  vesicles  might  burst,  and  corpora  lutea 
be  formed  in  consequence  of  the  simple  stimulus  of  the  sexual  act;  this  is  doubt- 
ful,— at  all  events  it  seldom  occurs,  and  is  abnormal  when  it  does.  Vide  §  33 
and  §  38.  It  is  extremely  rare  to  find  traces  of  such  an  occurrence  in  prostitutes 
who  have  never  borne  children.  For  an  account  of  the  formation  of  the  corpora 
lutea,  and  the  changes  in  the  follicles,  see  under  the  head  of  Development,  §  68. 

107  Xo  this  category  belong  such  incidents  as  lassitude,  somnolence,  &c.  in  both 
sexes  after  intercourse.  Any  definite  sensations,  such  as  shuddering,  unusual 
enjoyment,  &c.  &c.  as  indications  or  immediate  efifects  of  impregnation  having 
occurred  in  women,  are  altogether  fallacious,  and  nowise  constant 
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pears  as  the  piire  and  immediate  expression  and  effect  of  the  material 
condition.  In  the  human  female  it  would  seem  to  be  otherwise ; 
in  her  the  sexual  disposition  appears  rather  to  increase  during  the 
first  weeks  after  conception  has  taken  place^  probably  through  the 
influence  of  the  local  irritation  upon  the  fancy.  If  one  or  a  first 
fruitful  connexion  be  followed  shortly  afterwards^  and  before  the 
formation  of  the  dectdua^  by  a  second^  in  some  rare  instances  super- 
fecundation  may  ensue  ^^'.  Once  the  decidua  is  formed^  and  the 
ovum  has  reached  the  uterus^  firuitful  intercourse  is  no  longer  pos- 
sible^  and  the  cases  of  superfcetation  which  have  been  admitted 
under  these  circumstances  are  physiological  impossibilities^  so  that 
the  recognition  of  such  a  circumstance  ought  to  be  banished  from 
midwifery  and  legal  medicine.  The  cases  described  as  cases  of 
superfcetation  are  all  referable  to  twin  conceptions^  in  which  one  of 
the  fostuses  has  perished  at  some  anterior  period  of  the  pregnancy^ 
and  has  been  more  or  less  perfectly  preserved  '^. 

'"  The  only  cases  of  superfecundation  that  can  be  safely  trusted,  are  those  in 
which  a  woman  has  bad  connexion  with  two  men  of  different  races  shortly  after 
one  another,  and  has  brought  twins  to  the  world,  a  circumstance  of  which  several 
instances  are  recorded.  Vide  Burdach,  Physiologie,  i.  541.  Negresses  have 
occasionally  produced  a  mulatto  and  a  negro  at  a  birth :  they  bad  had  connexion 
with  a  European  and  a  negro  shortly  after  one  another.  Animals  with  double 
uteri,  such  as  hares,  occasionally  furnish  examples  of  the  occurrence  of  super- 
fecundation,  if  so  much  may  be  concluded  from  the  very  unequal  development 
of  the  embryos  contained  in  the  two  comua  of  the  uterus.  It  has  been  presumed 
that  the  same  thing  must  be  possible  in  those  females  who  are  abnormally  formed 
and  have  a  double  uterus ;  but  in  no  case  of  such  a  conformation  has  any  ad- 
missible instance  of  superfecundation  occurred ;  and  it  is  even  highly  probable  that 
in  such  instances  a  decidua  is  formed  in  both  halves  of  the  uterus,  inasmuch  as 
this  membrane,  as  we  shall  see  by  and  by,  is  produced  independently  of  the 
ovum,  and  exists  even  in  cases  of  extra-uterine  conception.  See  further  on  this 
point  the  annotations  under  §  77* 

'^  Concluding  from  the  present  state  of  our  knowledge  of  the  physiology  of  ge- 
neration, I  hold  superfcetation  to  be  an  impossibility ;  Siebold  of  Dantzig  is  of 
the  same  opinion ;  he  relates  the  case  of  a  young  woman  twenty-five  years  of  age, 
who  was  for  the  second  time  delivered  of  a  boy  at  the  full  period,  and  on  the 
third  day  afterwards,  and  with  the  last  afterpains,  produced  a  mass  of  stujBT, 
which  on  examination  proved  to  be  a  blighted,  flattened  foetus,  which  might 
have  attained  to  about  the  fourth  month ;  it  had  been  compressed  between  the 
walls  of  the  uterus  and  the  membranes  of  the  embryo  which  had  attained  ma- 
turity, and  there  remained  without  putrifying,  a  circumstance  of  which  instances 
enougb  have  occurred  in  cases  of  extra-uterine  conception.  Siebold  is  disposed 
to  refer  all  recorded  cases  of  superfcetation  to  precipitated  or  retarded  deliveries, 
or  to  defective  observation.    Joum.fUr  Geburtsh.  Bd.  xvii.  S.  334. 
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STATEMENT   OF   THE    SUBJECT,    AND    PLAN    OF   TRBATMEI^T. 

§  43.  The  study  of  embryonic  evolution  forms  one  of  the  most 
difficult  portions  of  physiology.  The  history  of  the  development  of 
the  human  embryo,  our  peculiar  subject,  is  almost  wholly  unknown 
to  us  in  its  first  and  earliest  periods,  and  even  as  regards  those 
that  are  later  there  are  many  gaps  still  to  be  filled  up.  The  reason  of 
this  lies  obviously  in  the  want  of  opportunity  to  institute  obser- 
vations in  sufficient  number  on  recent  human  bodies,  and  in  the 
uncertainty  that  pervades  all  researches  upon  abortive  ova,  which 
are  for  the  most  part  in  a  morbid  state,  and  are  consequently  only 
fitted  after  long  experience  and  under  the  guidance  of  a  competent 
knowledge  of  the  normal  condition,  to  supply  data  that  may  be 
relied  on.  On  these  accounts  inquirers  both  of  ancient  and 
modem  times  have  had  recourse  to  animals,  the  development  of 
which  obviously  resembles  that  of  man,  and  which  afford  an  easy 
means  of  making  observations  to  any  extent.  The  mammalia  have 
the  closest  affinities  with  man,  and,  naturally  enough,  were 
thought  calculated  to  afibrd  the  best  results ;  but  here,  too,  many 
difficulties  immediately  presented  themselves, — to  place  the  con- 
siderable expense  of  such  inquiries  out  of  the  question :  the  ova 
of  the  mammalia  are  exceedingly  small,  their  passage  through  the 
tubes  is  followed  with  difficulty,  the  epochs  of  the  first  stages  of 
their  developement  are  not  duly  known,  and  even  appear  to  differ 
in  different  individuals,  and  then  the  several  orders  and  genera  of 
animals  vary  so  much  in  many  parts  of  their  development,  that 
new  difficulties  arise  in  the  way  on  this  account.  In  the  class  of 
birds  many  of  the  obstacles  we  encounter  among  the  mammalia 
are  wanting,  or  at  least  do  not  present  themselves  nearly  to  the 
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same  amount  as  in  quadrupeds.  Among  vertebrate  animals^  too^ 
birds  in  their  mode  of  development  approach  the  mammalia  most 
closely;  the  evolution  of  the  bird  and  mammal  in  its  type  and 
essence  is  precisely  the  same.  On  this  account  all  the  older  as 
well  as  later  observers^  whose  discoveries  form  epochs  in  the  his* 
tory  of  development,  have  made  the  evolution  of  the  embryo  of 
the  bird  the  first  and  most  particular  subject  of  their  studies.  As 
the  common  domestic  fowl  is  the  bird  the  eggs  of  which  are  most 
easily  procured,  and  also  the  most  readily  hatched,  so  it  is  upon 
the  development  of  the  embryo  of  the  fowl  that  we  possess  the 
most  extensive  and  complete  series  of  observations  "^ 

§  44.  In  the  following  section  we  shall  pursue  the  plan  which 
seems  best  calculated  for  instruction.  Whoever  would  work  out  a 
knowledge  of  the  development  of  animals  generally  for  himself  must 
begin  with  the  study  of  the  chick,  were  it  only  for  the  reason  that 
we  possess  the  best  descriptive  works  upon  this  portion  of  the 
subject.  We  shall  therefore  start  with  a  connected  exposition  of 
the  history  of  the  brooded  egg ;  and  then  follow  with  an  account 
of  the  evolution  of  the  human  embryo,  referring  constantly  to  what 
has  already  been  observed  in  the  chick,  and  illustrating  the  earlier 
stages,  and  particular  obscure  or  difficult  points,  by  comparative 
references  to  the  development  of  the  mammalia.  From  the  history 
of  the  development  of  other  animals,  we  shall  only  select  so  much 
as  throws  particular  Ught  upon  individual  relations  of  the  human 
embryo,  and  supplies  resting-places  in  our  progress  through  the 
study  of  the  laws  of  our  evolution*". 

11*  The  valae  of  the  study  of  the  embryo  of  the  bird  to  the  history  of  develop- 
ment is  well  expressed  by  Valeiitin : — "  Unquestionahly  the  class  of  hirds  is  the 
centre  around  which  all  observations  on  development  arrange  themselves,  and 
this  not  so  much  on  account  of  any  grounds  intrinsic  to  this  class,  as  by  reason 
of  extrinsic  circumstances  which  are  completely  under  our  control.  In  no 
other  class  of  animals  do  we  possess  the  same  facilities  of  procuring  embryos  in 
the  various  stages  of  their  progress.  Nowhere  can  we  multiply  and  repeat  our 
inquiries  to  the  same  extent  as  here.  It  was  on  this  accoxmt  that  Fabricius  ab 
Aqmqiendente  began  his  investigations  with  the  brooded  egg,  and  that  Harvey 
and  Malpighi  followed  in  the  same  course ;  it  was  in  the  egg  that  Wolff  made 
his  important  discoveries  in  regard  to  the  formation  of  the  intestinal  canal,  of  the 
bloody  of  the  extremities  and  of  the  kidneys ;  and  it  was  by  the  study  of  the  embryo 
of  the  common  fowl  that  Doelhnger  and  his  school  in  our  own  day  were  enabled 
to  give  a  permanent  foundation  to  the  history  of  development  as  a  science.  The 
bird  must,  therefore,  and  on  these  grounds,  be  made  the  starting-point  for  all 
future  inquiries,  the  norma  and  basis  to  which  insulated  facts  in  the  develop- 
ment of  mammalia  and  man  must  be  referred."  Handb.  d.  Entwickehrngsffe- 
tckichiej  Vorrede,  S.  x. 

'"  The  most  complete,  connected,  and  systematic  exposition  we  possess  of  the 
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CHAPTER  I. 

HISTORY  OF  THE  INCUBATED  EGG.   DEVELOPMENT 

OP  THE  CHICK. 

Appliances, — Historical  matters, 

§  45.  The  best  season  for  studying  the  development  of  the  chick 
is  the  springs  when  fertile  and  fresh-laid  eggs  are  to  be  had  every- 
where 5  they  may  be  brought  forward  by  artificial  warmth,  or  by 
being  set  under  a  hen.  The  latter  is  the  more  advisable  means  for 
those  who  are  otherwise  fully  occupied,  and  cannot  give  the  atten- 
tion necessary  to  maintain  an  equable  temperature  in  the  hatching 
machine.  Hatching  machines  are  found  of  various  construction; 
generally  they  are  double  drums  or  vessels  of  tinned  iron,  lined  or 

history  of  the  development  of  organized  beings — of  vegetables,  animals,  and 
man — is  to  be  found  in  the  Physiology  of  C.  F.  Burdach,  ii.  2nd  ed.  issr*  with 
additions  and  contributions  from  K.  £.  von  Baer,  H.  Rathke,  E.  H.  F.  Meyer, 
K.  Th.  von  Siebold,  and  G.  Valentin.  The  Manual  of  the  History  of  Develoj^ 
ment  {Handbueh  der  EfUwiekehmgsgeschichte,  8vo.  1835)  of  the  last-named  writer 
is  also  very  complete,  and  contains  an  excellent  bibliog^phy  of  the  whole  subject. 
In  addition,  the  various  papers  and  memoirs  of  v.  Baer,  Rathke,  and  Carus— 
men  who  have  each  contributed  more  or  less  to  our  stock  of  knowledge  in 
regard  to  the  development  of  all  classes  of  animals— ought  to  be  consulted. 
On  the  development  of  individual  organs,  Meckel,  Rathke,  Muller,  Huschke, 
and  others  have  particularly  distinguished  themselves.  The  several  works  in  which 
their  observations  are  contained,  will  either  be  referred  to  in  their  places  under 
the  appropriate  paragraphs,  or  will  be  indicated  in  our  later  Books.  [The  papers 
of  Dr.  Allen  Thomson  in  the  Edinburgh  New  Pkihsophical  Journal,  vols,  for  1630 
and  1831,  may  also  be  referred  to].  The  third  fasciculus  of  the  Plates  illustrative 
of  comparative  anatomy  (Erldutenmgstttfeln  zur  vergleichenden  Anatomie)  of  Cams 
may  be  mentioned  as  a  general  atlas  illustrative  of  development  in  every  class 
of  animals.  The  following  chapters  give  nothing  more  than  a  summary  expo- 
sition of  the  History  of  Development.  It  is  not  even  the  business  of  an  elemen- 
tary treatise  of  physiology  to  follow  out  this  subject  to  its  remotest  details,  and  to 
particulariaee  the  origin  and  progress  of  every  individual  organ.  This  rather  falls 
within  the  province  of  general  anatomy,  and  all  the  later  mftT^iialR  of  this  science 
include  it.  See  particularly  the  edition  of  Hildebrandt's  Anatomy  by  Weber,  the 
Manual  of  Lauth  and  others.  Burdach  has  exhausted  the  subject, — he  has  given 
all  that  is  known  upon  it  in  the  place  indicated.  In  our  Physiology  of  nutrition, 
of  sensation,  and  of  motion,  the  origin  and  evolution  of  the  several  oigans 
concerned  in  these  functions  will,  according  to  circumstances,  be  found  referred 
to  more  particularly. 
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loosely  filled  in  the  inside  with  down,  wool,  or  paper-shavings, 
among  which  the  eggs  are  disposed,  the  space  between  the  outer 
and  inner  wall  being  filled  with  water,  and  the  whole  kept  at  the 
proper  temperature  by  an  oil  or  spirit-lamp.  The  proper  tempera- 
ture is  firom  lOO*  to  104°  F. ;  a  degree  or  two  more  hastens  the 
development;  above  110®  F.  the  embryo  commonly  perishes;  at 
95^  F.  it  is  developed  more  slowly.  In  Egypt  the  poultry-yard  is 
generally  supplied  from  eggs  hatched  in  ovens  constructed  for  the 
purpose,  which  have  been  imitated  in  France,  but  do  not  appear 
to  have  come  commonly  into  use  there  ^ 
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§  46.  History, 

Access  to   good  descriptions  and  faithfiil    representations   is 
almost  indispensable  in  studying  the  history  of  development ;  yet 
are  we  still  without  any  complete   collection  of  figures  true  to 
nature  of  each  stadium  of  this  process,  and  of  the  difierent  organs 
in  their  successive  stages  of  evolution ;  fragmentary,  and,  in  part, 
admirable  representations,  however,  we  can  boast,  both  of  remoter 
and  more  recent  times.   Among  the  earlier  observers,  Fabricius  ab 
Aquapendente  and  Malpighi  must  be  particularly  mentioned ;  in 
the  last  century  Haller,  and  still  more  Wolff*,  obtained  great  credit 
for  their  researches.    The  first  scientific  and  complete  series  of  ob- 
servations, in  which  many  thousand  eggs  were  used,  was  made  by 
Dollinger,  Pander,  and  D* Alton.     The  researches  of  Von  Baer 
form  a  new  epoch  in  the  history  of  development,  as  his  work  is 
also  the  most  complete  we  possess  on  the  subject.    Particular  por- 

^^  To  take  a  general  view  of  the  history  of  the  development  of  the  chick  it  will 
suffice  to  employ  a  couple  of  fowls  sitting  at  the  same  time,  on  from  a  dozen  to 
fiiieen  eggs  each,  according  to  the  size  of  the  fowl  and  of  the  eggs.  The  date, 
boor,  and  day,  when  each  egg  is  set  must  he  written  upon  it,  and  as  one  or  more 
are  removed  for  examination,  one  or  more  properly  inscribed  are  substituted  for 
them.  In  this  way  eggs  of  the  most  different  dates  are  soon  at  command.  It  is 
only  necessary,  in  substituting  fresh  eggs  for  such  as  are  taken  away,  to  warm 
them  slightly  by  holding  them  for  a  short  time  in  the  hand,  otherwise  the  fowls 
are  apt  to  become  restless,  and  even  to  forsake  the  nest.  Four  or  five  eggs 
ought  to  be  left  to  come  out.  Baumgartner  in  his  Observations  on  the  Nerves 
ond  the  Blood  (Beohachtwngent  Sfc,  Freib.  1830)  has  described  a  very  simple 
brooding  apparatus.  Coste  and  Delpech  in  their  Recherches  sur  la  Formation  des 
Embryoms  des  Oisemue,  Paris,  1834,  have  described  and  figured  another  and 
more  complicated  machine.  On  the  influence  of  different  temperatures  see  Von 
Baer  in  his  History  ef  Development  CEntvnckekmgeschichte,  I.  2). 
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tions  of  the  history  of  development, — the  eVdlution  and  growth  of 
individual  organs  or  systems,  &c.,  have  been  worked  out  with 
success  by  more  than  one  physiologist  in  very  recent  times  *". 


§  47.  Structure  of  the  egg  as  just  laid. 

The  egg  of  the  common  fowl  is  surrounded  externally  with  a 
hard  calcareous  shell  (fig.  XX.  a),  which  consists  almost  wholly  of 

^"  The  posthumous  tract  of  Fabricius,  Deformatione  Ovi  et  Ptdli,  makes  part 
of  his  collected  works,  Opera  omnia,  fol.  lips.  1687»  and  better  in  the  edition  by 
Albinus,  fol.  Leid.  1737.  The  figures  are  pretty  numerous,  but  rude,  and  no 
longer  of  any  use.  On  the  other  hand  the  many  representations  of  Malpighi  in 
his  tracts  De  Ovo  incubato  and  De  Formatiane  PulU  in  Ow>  COpera  omnsa,  fol. 
Lond.  1686)  may  still  be  referred  to,  particularly  if  they  be  viewed  along  with 
the  admirable  commentary  of  DoUinger  in  his  academical  programma  entitled, 
MarcelUMalpighii  Iconum  ad  historiam  Ovi  incubatispectantimn  censura  qtecimm, 
4to,  Wirceburgi,  1818.  Haller's  researches  bear  principly  on  the  formation  of 
the  heart :  Deux  M^moires  sur  la  Formation  du  Cceur  dans  le  Poulet,  Lausanne, 
1758 ;  the  same  work  appeared,  very  much  eirtended,  in  his  Opera  Anatomica 
Minora,  3  vols.  4to,  Lausanne,  1766.  The  study  of  the  works  of  Casper  Frederick 
Wolff  must  be  recommended  to  every*  one.  They  are  as  follows  : — T^eoria 
Generationis,  ed.  nov.  8vo,  Halae,  1774,  which  is  accompanied  by  two  plates 
containing  several  figures  of  the  chick  in  different  stages  of  its  development ;  De 
Formatione  ItUestinorum,  Sjfc,  in  Nov.  Commentar.  Acad,  PetropoUtante,  torn.  xii. 
( 1 767),  continued  in  tom.  xiii.  (1 768).  The  Essay  on  the  formation  of  the  Intestines 
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Fig.  XX.— Ideal  section 
of  an  extruded  hen's  egg. 
with  slight  alterations  from 
Baer  (ISntwickelung.  der 
ITuere,  B.  L  Tab.  Ill )  ^ 
blunt  pole  $  B,  sharp  pole ; 
a,  a,  shell;  b,  space  fill- 
ed with  air;  c,  membrane 
of  the  shell,  which  at  d,  flt 
splits  into  two  layers ;  e,  e, 
limits  of  the  second  and 
thicker  albumen ;/,/,  limits 
of  the  third  and  thickest  al- 
bumen clinging  to  the  chalazse ;  g,g,  chalazae ;  h,  yolk ;  t,  central  cavity  of  the 
yolk,  from  which  a  canal  or  duct,  ib,*  leads  to  the  cicatricula;  /,  cumulus  pro- 
Hgerus ;  m,  germ  (blastos). 
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carbonate  of  lime,  tt  is  indeed  without  obvious  pores^  but  is 
nevertheless  permeable  to  air :  some  part  of  its  watery  constituent 
escapes  during  the  process  of  hatching,  and  eggs  that  are  covered 
nith  a  coat  of  varnish  die.  Internally  the  shell  is  full  of  pits  or 
depressions,  in  which  small  warty  or  shaggy  processes  of  the  lining 
membrane  of  the  shell  (the  membrana  testte)  are  implanted  (fig. 
XX.  Cj  c).  This  membrane  consists  of  two  laminse,  the  outer  of 
which  is  made  rough  and  uneven  by  the  processes  just  mentioned; 
the  inner,  which  is  turned  towards  the  white,  is  smooth  and 
polished.  The  two  laminae  separate  at  the  blunt  end  of  the  egg 
(fig.  XX.  dy  d)y  so  that  here  they  are  most  easily  demonstrated,  and 
contain  the  air-space,  or  air-chamber  ffolliculus  aerisj  between 
them,  which  first  appears  shortly  after  the  egg  is  laid,  and  is  very 
much  enlarged  by  keeping  and  the  heat  of  incubation.  The  mem- 
brane of  the  shell  is  formed  of  a  compact  fibrous  tissue,  and  shows 
the  chemical  properties  of  coagulated  albumen.  Betwixt  the  mem- 
brane of  the  shell  and  the  yolk  is  interposed  the  white  {albumen 
ovi}j  the  outer  stratum  of  which  (fig.  XX.  between  c  and  e) 
is  extremely  watery  and  fluent,  and  consequently  readily  drained 
off  when  the  shell  is  pierced ;  the  inner  layer,  again,  or  that  which 
hes  nearer  the  yolk,  is  more  viscid  and  thicker  (fig.  XX.  between  e 
and/),  clings  more  closely  to  the  yolk,  especially  by  its  inmost 
stratum,  which  immediately  surrounds  that  part  and  the  chalazse 

exists  tranabUed  into  (jennan  by  J.  F.  Meckel,  Ueber  die  BUdung  des  Darmkanals, 
4re.,  Halle,  18 1 2,  with  two  plates.  The  best  and  most  complete  collection  of  figures 
ve  yet  possess  is  that  contained  in  the  work  of  Dr.  Pander,  Contributions  towards 
the  History  of  the  Development  of  the  Chick  t»  the  Egg  (Beitr'dge  zur  EntwickeUrngs- 
9€tckiehte  des  HUhnchens  im  Eie,  fol.  Wurzburg,  1817).  The  plates  are  by  D'Alton, 
senior,  and  masterly  in  point  of  drawing.  The  work  more  particularly  embraces 
the  evolution  during  the  first  five  days.  The  figures  in  the  Dissert,  sistens  Ovi 
Avium  historue  et  Incubationis  prodromum,  Svo.  Jente,  1808,  by  the  Count  von 
Tredem,  are  particularly  neat  in  their  execution,  and  extremely  correct.  Com- 
pleteness of  description  was  the  object  aimed  at  by  Von  fiaer  in  his  classical 
voik  entitled  Observations  and  Reflections  on  the  Development  of  Animals^  (Zur 
Bniwickebmgsgeschichte  der  Thiere,  Beobachtung  und  Reflexion,  vol.  i.  1828,  vol. 
H.  1837),  and  tiiis  he  has  fully  attained.  The  extreme  minuteness  of  this  work, 
lu)wever,  makes  its  study  somewhat  difficult,  so  that  perhaps  the  compendious 
view  or  abridgment  to  be  found  in  the  second  volume  of  Burdach's  Physiology,  is 
more  to  be  recommended  to  beginners.  The  schemes  or  ideal  sections  of  the 
chick  given  in  both  works  are  extremely  useful  in  facilitating  the  comprehension 
of  the  subject.  The  figm'es  of  Coste  and  Delpech  (op.  cit.  annot.  112)  are  in 
P^  incorrect,  in  part  good.  The  figures  incorporated  in  this  work  from  fig.  Yl II. 
to  fig.  CXXVIII.  supply  whatever  is  most  important  to  the  illustration  of  the  fol- 
lowing descriptions,  and  are  constantly  referred  to  within  brackets.  I  have 
followed  Baer  wherever  it  was  possible  to  do  so. 
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(XX.  ^  /).  The  white  of  an  egg  shows  alkaline  reaction^  and  con- 
tains albumen^  salivary  matter^  and  the  common  sulphates  and  hy- 
drochlorates  in  small  quantity.  The  chalaza  (XX.  g,  g,  XXIII. 
bf  b)  are  a  couple  of  spirally-twisted  ropes^  composed  of  delicate 
fibres^  or  of  a  fine  membrane^  which^  as  the  chalaziferous  membrane 
{membrana  chalaz\fera)  closely  surrounds  the  yolk^  and  then 
going  off  in  the  fashion  of  a  funnel  towards  either  pole  of  the 
egg^  becomes  twisted  into  a  rope.  (figs.  XX.  XXI.  and  XXIII.) 
A  white  streaky  in  the  shape  of  a  band^  may  usually  be  seen 
extending  over  the  yolk  from  one  chalaza  to  the  other;  this  is 
the  zone^  or  belt  {zona)^  which^  however^  is  not  constant,  and  is 
of  no  particular  importance.  The  chalazse  vary  exceedingly  in 
point  of  form  and  development ;  they  appear  to  consist  of 
coagulated  albumen.  The  yolky  or  yolk-ball  {viteUns^  is  some- 
what lighter  than  the  white,  so  that,  in  whatever  position  the 
egg  is  held,  it  always  rises  towards  the  side  that  is  uppermost 
The  vitellary  membrane  {cutictda  viielli),  (fig.  XXII.  a,  fig.  IX.  c,) 
is  a  perfectly  simple,  transparent,  and  slightly  glistening  mem- 
brane. It  surrounds  the  yolk  (which  with  its  central  cavity,  figs. 
IX.  and  XX.  t,  has  been  already  particularly  described,  §  17)  closely 
and  immediately.  Immediately  under  the  vitellary  membrane, 
and  at  a  point  which  in  an  opened  egg  is  always  directed  upwards, 

Fio.  XXI. 
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Fig.  XXI. — One  of  the  chalazae  of  the  Jackdaw's  egg  pulled  straight.  The  way 
in  which  the  twisted  fibres  of  the  part  diverge  into  a  funnel-shaped  expansion  as 
they  approach  the  yolk,  and  so  form  the  innermost  stratum  of  the  albumen,  is 
displayed. 


Fio.  XXII. 


Fig.  XXII. — Vitellus,  or  yolk  of  a  hen's  egg,  seen 
from  above :  a,  a,  vitelline  membrane ;  b,  vitellus ; 
c,  c,  halones ;  d,  darker,  more  external  part  of  the 
germ  (the  future  area  vasculosa) ;  e,  central  trans- 
parent part  of  the  germ  (the  future  area  pellucida). 
In  the  yolk  here  figured,  the  first  slight  effects  of 
incubation  are  apparent,  viz.  in  the  separation  in 
the  germ,  which  often  takes  place  from  transient 
exposure  of  the  egg  to  a  high  temperature  (hand- 
ling), or  when  the  eggs  have  been  laid  some  time 
and  the  temperature  of  the  air  has  been  high. 
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the  ekatricula  (fig.  XXIII.  A,  c,  and  B)^  or  tread^  is  seen  shining 
through  in  the  shape  of  a  round  whitish  spot.     The  eicatricula 
consists  superficially  of  a  membranous  stratum  (stratum  prolige- 
ruxn, — ^fig.  XXIII.  B)^  fi*om  a  line  and  a  half  to  two  lines  in  diameter^ 
in  which  the  germinal  vesicle  was  imbedded  at  an  earlier  period 
(§  18).     This  is  the  germ, — ^blaste^  s.  blastos^  from  which  in  the 
b^linning  of  the  brooding  the  germinal  membrane^  blastoderma^  is 
produced  (fig.  X.  Ay  b,  p.  40).    The  germ  in  recent  eggs  is  ge- 
nerallj  slightly  adherent  to  the  vitellary  membrane ;  in  such  as 
have  been  kept  for  some  time^  it  is  more  detached ;  under  all  cir- 
cumstances it  is  readily  diffluent,  little  consistent.     In  the  centre 
it  is  somewhat  clearer  and  more  transparent  than  elsewhere  (fig. 
XXII.  e)y  and  allows  ihegermindl  cumulusy — cumulus  proligenuf, 
s.  nucleus  cicatricukBy  s.  nucleus  blastodermatisy  also  the  stratum 
proHgerum  of  Baer^ — ^to  be  seen  through  it  (fig.  X.  Ay  d,  p.  40). 
This  germinal  cumulus  is  a  loose  whitish-yellow,  and  somewhat 
conically  formed  granular  layer  (fig.  X.  Ay  dy  p.  40),  sunk  in  the 
substance  of  the  yolk;  betwixt  it- and  the  discus  proligerus,  or 
genninal  disc,  there  is  a  minute  interval  which  is  filled  with  a 
fluid  that  appears  to  communicate  with  the  canal  of  the  central 
cavity  of  the  yolk  "*. 

"<  In  the  foregoiog  description  and  tenninology,  I  have  felt  it  my  duty  to  fol- 
low Baer  as  closely  as  possible.  Vide  his  2nd  vol.  p.  10,  et  seq.  On  the  che- 
mical  composition  of  the  egg,  see  Berzelius,  Animal  Chemistry  (Thierchemie, 
1831),  p.  537.  The  white  consists  of  from  12  to  13  parts  albumen,  85  water,  3 
ioda,  common  salt,  and  an  extractiform  matter ;  according  to  Bostock,  it  also 
contains  salivary  matter  in  considerable  quantity,  sulphates,  and  muriates ;  the 

Fig.  XXIII. 


Fig.  XXIII. — A,  the  unin- 
cubated  yolk  of  the  Jackdaw's 
egg  Ccorvus  coronej ;  a,  the  vi- 
tellus ;  the  chalazae,  b,  b ;  the 
eicatricula,  e. 

B,  the  eicatricula  magnified. 
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§  48.     Detachment  of  the  ovum  from  the  ovary,  and  completion  of 

its  formation  in  the  oviduct. 
We  Iiave  already  spoken  (§  16}  of  the  chorion,  or  outer-covering 
of  the  ovum  in  the  ovaiy,  coalescing  with  a  layer  of  the  ovarian 
stroma  into  a  firm  capsule  or  theca  (fig.  IX.  a,  p.  38).  Thia  capsule 
is  surrounded  externally  with  cellular  tissue  and  hlood-vessels, 
and  is  particularly  thick  in  that  part  of  its  circumference  towards 
the  pedicle  (fig.  IX.  i>).  The  yolk,  or  viteUine-ball,  lies  within 
this  capsule,  and  as  it  advances  to  maturity  forms  a  more  and 
more  completely  pediculated  growth,  like  a  berry,  of  which  every 
ovarium  presents  many  in  different  stages,  (fig.  XXIV.)  On  that 
side  of  each  capsule,  or  berry,  which  is  opposite  the  pedicle,  a 
curved,  pretty  hroad,  white  streak  is  observed ;  this  is  the  cicairice, 
{stifftaa),  (fig.  XXIV.  6),  which  appears  not  to  be  vascular,  for 
althou^  the  blood-vessels  that  enter  by  the  pedicle  form  a  con- 
spicuous rete  with  rhomhoidal  meshes  on  every  other  part  of  the 

alkaline  reaction.  Dr.  Bostock  also  informi  ue,  depends  on  the  pruence  of  free 
soda.  The  (pace  which  is  filled  with  air,  Bischoff  says,  contains  a  somewhat 
larger  proportion  of  oxygen  than  the  atmosphere, 

[Dr.  Paris  published  an  analysis  of  this  air  in  the  yesir  1809. — Traai.  iMOurs* 
Sticietg,  vol,  1.  Before  incubation  it  was  atmospheric  air ;  towards  the  end  of 
the  incubation  it  was  the  same  air,  bat  coDtamiDated  with  a  small  portion  of 
carbonic  add  gas.    R.  W.] 


Fig.  XXIV.— Ovary  of  the  Fowl, 
with  vitelli  or  yolks,  ripe  and  ap- 
proaching maturity  : — o,  a  ripe  yolk 
within  its  calyx  or  cup,  the  cicatrice 
of  which,  b,  b,  is  seen  as  a  transveree 
vessellesH  streak  ;  e,  c,  smaller  yolks 
with  the  vascular  rete  of  their  cups 
and  their  cicatrices ;  d,  a  calyx  empty, 
the  part  having  given  way  along  the 
bne  of  the  cicatrice ;  smaller  yolks 
(e,)  are  enveloped  by  calices  so  trans- 
parent that  the  dcatricula  is  seen 
through  them. 
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capsule,  none  is  seen  to  cross  or  to  penetrate  the  cicatrice.  The 
capsule  is  thinnest  at  this  point,  and  the  yolk  is  here  in  most  inti- 
mate contact,  or  even  appears  to  be  connected  with  it  (fig.  IX. 
at  the  lower  part) ;  the  capside  at  length  gives  way,  yielding  in 
the  line  of  the  cicatrice,  and  forming  a  transverse  rent  with  double 
flaps,  through  which  the  yolk  escapes.  The  rupture  of  the  cap- 
sule in  the  line  of  the  cicatrice  is  easily  effected  by  slight  pressure, 
even  in  ova  that  are  far  from  maturity  (fig.  XXIV.  d) ;  it  happens 
naturally  to  the  ripe  ova  after  impregnation.  When  the  yolk  has 
escaped,  the  capsule  which  had  inclosed  it  presents  itself  as  a  hol- 
low membranous  funnel,  the  caly:c  (fig.  XXIV.  (f ),  which  remains 
hanging  by  its  pedicle,  and  shrivelling  up  or  shrinking  into  the 
stroma  of  the  ovary,  soon  leaves  no  trace  of  its  former  existence. 
The  detachment  of  the  vitellus  is  accomplished  either  by  the  per- 
fected growth  of  this  body,  its  size  proving  sufficient  at  length  to 
burst  the  cicatrice,  or  by  an  increase  in  the  thickness  of  the  cap- 
sule towards  the  pedicle,  by  which  the  vitellus  is  forced  as  it 
were  against  the  cicatrice  (fig.  IX.) ;  the  whole  process  is  very 
similar  to  that  which  occurs  among  the  mammalia  when  the 
Graafian  vesicle  gives  way  and  the  corpus  luteum  is  formed  (vide 
§  67).  The  oviduct  attaches  itself,  by  a  kind  of  suction,  by  its 
patulous  infundibulum  or  bevelled  abdominal  end  to  the  capsule 
which  contains  the  ripest  ovum,  and  receives  this  as  it  escapes. 
From  this  point  the  ovum  makes  its  way  moving  spirally  along  the 
muscular  oviduct,  which  is  now  very  much  enlarged,  highly  vascular, 
and  pouring  out  from  its  mucous  surface  the  albumen  which  is 
disposed  around  the  yolk  in  the  different  layers  but  just  described. 
The  formation  of  the  chalazae  is  a  consequence  of  the  rotatory  mo- 
tion upon  its  axis  which  the  ovum  receives  in  the  oviduct,  and  of 
the  setting  of  the  albumen.  The  lower  part  of  the  oviduct  is 
dilated  into  a  receptacle  for  the  e^,  and  here  are  added  the  mem- 
brane of  the  shell,  and  finally  the  shell  itself,  the  milky  calcareous 
fluid  secreted  by  this  part  being  precipitated  upon  the  egg  in 
crystals,  which  are  at  first  isolated,  but  very  soon  run  together 
and  cohere.  The  egg  remains  over  twenty-four  hours  in  the  re- 
ceptacle. The  germ  at  the  first  entrance  of  the  egg  into  the  ovi- 
duct has  already  assumed  the  appearance  proper  to  it  at  any  period 
anterior  to  the  commencement  of  incubation,  the  germinal  vesicle 
having  burst ;  the  upper  disciform  layers  of  the  germ  and  germinal 
cumulus  only  separate  more  and  more.  After  the  egg  is  thus  per- 
fected, it  is  forced  rapidly  through  the  cloaca.  In  other  birds,  it 
is  here  perhaps  that  the  egg  receives  in  part  at  least  the  beautiful 
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colours^  red,  green,  yellow,  brown,  &c.,  in  various  shades,  which  are 
so  frequently  met  with,  and  which  appear  to  be  so  many  tints 
of  the  colouring  matter  of  the  blood  chemically  altered  ^^*.        « 

Earliest  period  in  the  development  of  the  Chick ^  from  the  first  appear- 
ance  of  the  Embryo  to  the  first  traces  of  circulation. 

§  49.  The  first  period  in  the  development  comprehends  about  two 
days.  In  the  first  hours  of  incubation,  the  germ  separates  itself 
more  fix)m  the  vitellus  and  vitellary  membrane,  to  which,  however, 
it  still  continues  in  some  sort  attached ;  the  germ  acquires  more 
of  a  membranous  consistence,  and  the  space  between  it  and  the 
germinal  cumulus,  which  is  filled  with  fluid,  becomes  somewhat 
larger  (fig.  X.  A^  p.  40).  Towards  the  sixth,  or  between  that  and 
the  eighth  hoiu*,  a  parting  or  resolution  in  the  now  fohaceous  ger- 
minal membrane,  which  proceeds  from  the  centre  towards  the 
periphW,  is  apparent;  a' clear  rounded  space,  about  a  Hue  in 
diameter,  is  produced  in  the  middle,  this  is  the  area  pellucida  s. 
fferminativa, — ^the  pellucid  or  germinal  area  (fig.  XXII.  e) ;  the 
germinal  membrane  at  the  same  time  becomes  darker  in  the  cir- 
cumference, and  surrounds  the  transparent  pellucid  area  like  a 
ring,  which  is  also  about  a  line  in  breadth  (fig.  XXII.  d) ;  this  is 
the  future  area  vasctUosa,  or  vascular  area.  The  cumulus  proligeriLs 
is  seen  in  the  deeper  parts  shining  through  the  centre  of  the  germi- 
nal membrane.  At  this  time  two  or  three  annular  hues  appear 
drawn  around  the  circumference  of  the  germi&al  membrane, — the 
haUmes  (fig.  XXII.  c,  c) ;  these  are  circular  ridges  or  walls  formed 
in  the  vitellus,  between  which  there  are  furrows  fiUed  with  thinner 
fluid.  Now  also  the  germinal  membrane  may  be  observed  to  show 
a  disposition  to  separate  into  two  layers,  which  are  indeed  still  in- 
timately connected,  but  even  at  this  early  period  are  in  point  of 
structure  different.  They  are  always  particidarized  as  the  lamiwB 
of  the  germinal  membrane,  the  superior  lamina  being  entitled  the 
serous  or  animal  layer^  the  inferior  the  mucous  or  vegetative  layer ; 
the  former  is  limited  to  the  extent  of  the  area  peUucida,  the  latter 
extends  farther  in  the  periphery,  stretching  beyond  the  area  vascu- 
losa.    The  albumen  disappears  in  a  great  measure  over  the  germi- 

11*  Vide  the  more  particular  details  in  v.  Baer,  and  in  my  Elements  of  Conqm- 
roHve  Anatomy  :  also  the  beautiful  figures  in  Carus's  Plates  iUustratioe  of  Com- 
paratioe  Anatomy,  pt.  3.  (Erlauterungstafeln)  pi.  viii.  and  the  text,  containing 
physiological  observations  on  the  origin  of  the  colours  of  the  eggs  of  different 
birds. 
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nal  membrane^  and  the  vitellus  apprcaches  the  lining  tunic  of  the 
shell  more  closely;  in  this  situation^  the  vitellus  becomes  more 
prominent,  forming  a  segment  of  a  lesser  sphere^  like  the  cornea 
of  the  eye ;  a  circumstance  which  may  likewise  be  firequently  ob- 
served in  the  egg  before  incubation  (fig.  XX.  over  m).  It  is  not 
unimportant  to  observe  that  these,  the  earliest  observable  changes 
not  unfirequently  take  place  in  eggs  that  are  laid  in  summer  and 
when  the  weather  is  very  warm,  though  of  course  much  short  of 
brood-heat. 

§  50.  About  the  middle  of  the  first  day,  after  from  twelve  to 
fifteen  hours  of  mcvh&tiony  the  bkutoderma,  or  germinal  membrane, 
is  completely  detached  from  the  vitellary  membrane,  and  may  be 
cut  out  as  a  connected  lamina,  and  washed  away  from  the  mem- 
brane of  the  yolk  (fig.  XXV.  and  XXVI.).  The  germinal  area  {area 
pellucida  s.  germinativa)  has  now  an  elongated,  often  a  somewhat 
pyrifonn  appearance  (figs.  XXV.  and  XXVII.  £),  and  is  two  lines 
in  length.  The  darker  vascular  area  (figs.  XXV.  and  XXVII.  c)  has 


Fio.  XXV. 


Fig.  XXV. — Vitellus  or  yolk  after  from 
twelve  to  fourteen  hours  incubation,  of  the 
natural  size  (this  and  the  other  figures  of 
the  vitellus  look  larger  than  proper,  from 
their  having  been  placed  in  flat  saucers  to 
be  drawn,  by  which  they  become  somewhat 
flattened) :  a,  the  yolk ;  h^  area  pellucida,  in 
the  middle  of  which  the  noto/^rtma/tra,  or 
primary  streak,  the  first  trace  of  the  em- 
bryo,  is  perceived ;  c,  outer  area  pellucida, 
the  future  area  vasculosa.  The  halones  are 
indicated  by  the  three  concentric  circles. 


Fio.  XXVI. 


Fig.  XXVI. — ^The  same  vitellus,  but  with 
a  piece  of  the  vitellary  membrane  and  the 
subjacent  blastoderma  removed  at  a,  by 
which  the  nucleus  of  the  cicatriculae,  or 
cumulus  proligerus,  a  dark  disciform  sub- 
stance implanted  in  the  vitellus,  is  brought 
into  view. 
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also  lengthened  out^  and  the  germinal  membrane  extends  as  a 
foliaceous  formation  indefinitely  over  it  into  the  halones^  which  now 
begin  to  look  less  regular  than  they  were  originally.  This  outer 
portion  of  the  blastoderma  is  called  the  area  vitellina.  About  this 
period  also  the  separation  of  the  blastoderma,  in  the  direction  of  its 
thickness,  becomes  more  apparent ;  between  the  serous  layer,  which 
still  continues  limited  to  the  germinal  area,  and  the  mucous  layer, 
which  extends  into  the  vitelline  area,  there  appears  a  new  lamina, 
which,  however,  is  only  distinctly  defined  towards  the  periphery, 
where  it  approaches  the  limits  of  the  area  vasculosa ;  in  the  direction 
of  the  thickness  this  lamina  lies  in  the  blastoderma  as  if  it  belonged  to 
both  of  the  other  layers,  and  penetrated  into  their  substance ;  to  dis- 
tinguish this  less  separated  lamina,  it  is  spoken  of  as  the  vascidar 
lamina^  the  blood  and  blood-vessels  first  making  their  appearance 
within  its  substance.  This  formation  first  becomes  distinctly  visible 
between  the  sixteenth  and  twentieth  hour  of  incubation  (fig.  XXXI. 
AjByd),  Somewhat  earlier  than  this,  namely,  about  the  fourteenth 
hotir,  the  first  rudiments  of  the  embryo  become  distinctly  visible  in 
the  middle  of  the  germinal  area,  in  the  guise  of  a  delicate  white 
elongated  streak,  about  a  line  and  a  half  in  length ;  it  is  designated 
nota  primitiva — ^the  primitive  streak,  and  lies  in  the  line  of  the  long 
axis  of  the  germinal  area,  which  itself  lies  in  the  transverse  axis  of 
the  egg  (fig.  XXVII.  a).  Under  the  nota  primitiva,  the  cumulus 
proligerus,  deeply  seated,  may  stiQ  be  seen  very  plainly  glistening 

Fig.  XXVIL 


Fig.  XXVIL— Magnified  view  of  the 
portion  of  the  blastoderma  removed  in  fig. 
XXII. — fl,  the  nota,  or  primary  streak; 
ht  the  oblong  area  pellucida ;  c,  the  oval 
area  vasculosa. 
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through  (fig.  XXVIII.  A,  B,  d).  The  nota  primitiva  rises  slightly 
above  the  level  of  the  germmal  area  (fig.  XXVIII.  b) ;  it  is  thicker 
and  blunter  anteriorly,  or  towards  that  end  which  becomes  the 
head  of  the  embryo,  thinner  and  tending  to  a  point  posteriorly. 
The  nota  primitiva  is  probably  the  groundwork  of  the  brain  and 
spinal  cord***. 

§  51.  The  nota  primitiva,  an  aggregate  of  dark  granules  in  the 
first  instance,  becomes  more  fluent  by  and  by,  and  presents  itself 
as  a  layer  of  delicate,  transparent  masses,  by  the  side  of  which,  be- 
tween the  sixteenth  and  eighteenth  hour,  a  pair  of  new  formations 
arise  symmetrically,  near  the  middle  line.    These  are  the  lamifue  s. 

"*  In  my  view  of  the  relations  of  the  nota  primitiva  I  differ  from  Baer,  who 
regards  it  as  the  forerunner  of  the  vertebral  column,  which  speedily  disappears 
agiuQ,  whilst  to  me  it  seems  only  to  undergo  histological  metamorphosis — i.e,  to 
suffer  change  of  structure  in  the  course  of  its  development. 

[According  to  Reichert  (Entwickebmgsleben  im  fVirbelthierreich,  4to.  Berl. 
1840),  the  nota  primitiva  in  the  ovum  of  the  frog  is  not  raised,  it  is  on  the  con- 
traiy  depressed — a  furrow  or  channel  (S.  105) ;  neither  is  it  the  rudiment  of  any 
part,  but  a  mere  indication  and  effect  of  a  certain  amount  of  formative  process 
achieved,  this  process  having  reference  to  the  primary  halves  of  the  central  nerv- 
ous system.  R.  W.] 


Rg.  XXVIII.— Ideal  sections  of  &g,  XXV. 
(after  Baer,  with  slight  variations). — A,  trans- 
verse section ;  B,  longitudinal  section ;  a,  ritel- 
line  memhrane,  indicated  by  a  finely  dotted  line ; 
b,  nota,  or  primitive  streak,  with  the  serous 
layer  of  the  blastoderma,  corresponding  to  the 
area  pellucida ;  e,  mucous  layer  of  the  blasto- 
derma, corresponding  to  the  area  vasculosa ;  d, 
cumulus  proligerus  s.  nucleus  cicatriculse. 


Fig.  XXIX.— Yolk  of  the  natural  size, 
after  eighteen  hours  of  incubation :  a,  vi- 
tellus ;  b,  area  pellucida ;  c,  area  vasculosa. 


94 


DEVELOPMENT. 


pUca  donates — the  dorsal  laminse,  two  cylindrical  rolls  or  enlarge- 
ments, which  arise  parallel  to  the  nota  primitiva,  and  form  a  couple 
of  cristie,  or  ndges,  one  on  either  side  of  it  (fig.  XXIX.  and 

XXX.  b,  b),  which  diverge  anteriorly  and  posteriorly,  being  near- 
est about  the  middle  of  their  length,  and  sloping  somewhat  from 
without  inwards,  or  towards  one  another.  The  angles  of  the 
ridges  are  softly  rounded  off;  each  ridge  has  the  appearance  of  a 
clear  broad  line,  which  is  included  within  two  darker  lines.  The 
germinal  area  presents  a  pyriform  outline  {fig.  XXIX.  and  XXX). 
Under  the  canal  for  the  spinal  cord,  which  is  bounded  by  the 
dorsal  laminaf!,  we  observe  the  chorda  donalis — the  dorsal  cord  (fig. 

XXXI.  and  XXXIV.  J,  e,  and  fig.  XXXIII.  /),  an  extremely 
fine  elongated  streak,  surrounded  by  a  transparent  sheath ;  both 
the  dorsal  cord  and  the  sheath  go  to  constitute  the  cartilaginous  co- 
lumn which  appears  later,  and  out  ofwhich  by  its  becoming  divided 
into  pieces,  the  vertebral  column  is  produced.  The  embryo  with 
its  laminse  dorsales  now  bends  itself  forward,  at  the  same  time  that 
it  here  Torms  a  sickle-shaped  transparent  fold  (fig.  XXX.  c),  the 
future  invobicrum  capitis — the  cranial  envelope  or  cap.     From  the 


FiQ.  XXX. 


ng.XXX.— ThepeUuddaruof  fig.  XXIX.  magnified :  a, 
the  pellucid  area,  now  become  pear-ehaped;  iasUad  of  the 
nota,  or  primary  streak,  the  tvo  dorsal  lamiiue  or  folds 
(famnue  a.  pUat  dortiUa)  b,  b,  are  aeen ;  the  iDTolucram  ca- 
jntis,  or  craDial  envelope,  c,  a  bklform  fold,  or  kiod  of 
reSez  blaatoderma,  begina  to  be  developed. 


Fig.  XXXI.— Ideal  aectioaa  of  figa. 
XXIX.  and  XXX, — A,  tranverse  sec- 
tion; B,  longitudinal  section;  (i,vitellary 
membrane ;  b,  aeroua  layer  of  the  blu- 
toderma,  or  germinal  membrane,  de- 
presaed  in  the  middle  by  reason  of  the 
rounded  elevations  of  the  dorsal  lamins 
on  either  aide ;  e,  chorda  dorsalis  ;  c,  mu- 
cous layer  of  the  blastoderms ;  d,  vas- 
cular lamina,  between  b  and  e,  indicated 
by  a  finely-dotted  line. 
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twentieth  to  the  twenty-fourth  hour^  the  transparent  germinal  area 
is  observed  to  become  longer  and  more  fiddle-shaped.  The  cristae^ 
or  folds  of  the  dorsal  laminse^  where  they  run  closest  together^ 
appear  somewhat  sinuously  bent  (fig.  XXXIIL  by  b) ;  here^  too^  in 
the  pectoral  region^  on  both  dides  of  the  dorsal  laminae^  near  their 
cristae^  there  appear  dark^  four-cornered  looking  plates^  the  future 
vertebral  arches  (fig.  XXXIII.  c,  c,  fig.  XXXIV.  Ayf)^  which  form 
at  first  but  three  or  four  pairs ;  the  cristas  of  the  dorsal  laminae 
are  observed  to  approximate  more  and  more^  in  order  to  close  and 
complete  the  vertebral  canal  (fig.  XXX IV.  Ay  over  the  chorda 
dorsalis,  e).    Anteriorly  they  separate  to  a  greater  extent  firom  each 


Fio.  XXXII. 


Fig.  XXXIL— Vitelltts  of  the  natural 
Biie  after  twenty-four  hours  of  incubation, 
the  germinal  membrane  with  the  rudiments 
of  the  embryo  farther  advanced  than  in  fig. 
XXIX.  The  references  are  the  same  in  this 
as  in  that  figure. 


Fig.  XXXIII. 


Pig.  XXXIIL— Magnified  view  of  the  pellucid 
area  of  the  yolk,  fig.  XXXII ;  the  area  has  now 
lost  its  pear-shape  in  a  great  degree,  and  be- 
come somewhat  fiddle-shaped  (biscuit-shaped  in 
the  original).  In  the  middle  are  seen  the  slightly 
sinuous  edges  of  the  dorsal  lamina,  b,  b,  sepa- 
rating from  one  another  anteriorly  and  pos- 
teriorly ;  on  their  outsides  he  four  square  plates, 
c,  c,  rudiments  of  the  vertebral  column ;  d,  an- 
terior cerebral  cell;  e,  e,  transparent  edge  of  the 
cranial  involucrum,  shining  through ;  /,  dorsal 
cord. 
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other  to  form  the  head  {fig.  XXXIII.  rf),  and  also  posteriorly  to 
form  the  future  sacrum ;  the  enveloping  fold,  the  future  involucrum 
capitis,  is  thrown  farther  back  (fig.  XXXIII.  e,  e) ;  the  vascular 
and  mucous  laminae  of  the  germinal  membrane  follow  this  bending 
in  (fig.  XXXIV. /),  by  which  the  beginning  of  the  intestinal  canal 
is  produced,  which  as  yet  is  nothing  more  than  a  depression  on  the 
vitelline  side  of  ^e  serous  lamina  of  the  germinal  membrane.  The 
embryo  lies  like  a  flat-bottomed  boat  turned  over  upon  the  ger- 
minal membrane  (fig.  XXXIV.  B) ;  the  head  is  already  strongly 
indicated  (fig.  XXXIV.  B,  e) »". 

§  52.  With  the  second  day  of  incubation  the  embryo  discon- 
nects itself  ever  more  and  more  firom  the  germinal  membrane  and 
the  yolk,  and  rises  more  distinctly  over  the  germinal  area.  This 
takes  place  by  the  anterior  plait  or  fold  (involucrum  capitis),  con- 

"7  Baer  views  sereral  of  tbe  appearances  otherwise  than  as  they  are  described 
in  the  text.  According  to  him  the  brain  and  spinal  marrow  are  wanting  upon 
the  closure  of  the  dorsal  laminae ;  they  would  appear  to  be  actually  present, 
however,  only  in  a  perfectly  transparent  and  fluid  condition ;  tbey  seem  to  arise 
out  of  a  metamorphosis  of  tbe  nota  primitiva.  The  chorda  dorsalis  with  its 
sheath  is  only  to  be  well  observed  on  a  transverse  section  (figs.  XXVIII.  XXXI. 
XXXIV.  A,  e),  and  not  by  viewing  the  germinal  membrane  from  above,  when  it 
only  presents  itself  as  a  simple  streak  (figs.  XXXIII.  and  XXXVI./),  as  if  it 
were  the  ideal  axis  of  the  vertebral  column.  It  disappears  completely  with  the 
development  of  the  bodies  of  the  vertebne.  In  figure  XXXIII.  the  sinuous 
crumpUng  and  the  distance  of  the  cristse  of  the  dorsal  laminae,  are  more  strongly 
expressed  than  they  appear  without  any  preparation ;  the  germinal  membrane  had 
been  here  examined  under  the  surface  of  warm  water,  by  which  the  particulars 
mentioned  came  out  in  stronger  relief.  Baer  believes  that  the  nota  primitiva 
divides  shortly  after  its  formation  into  two  lateral  halves — the  dorsal  laminae,  and 
a  middle  streak — ^the  dorsal  chorda,  a  view  in  which  I  cannot  agree  with  him. 


Fio.  XXXIV, 


^    6 


Fig.  XXXIV.— Ideal  sec- 
tions of  fig.  XXXIII.— J, 
transverse  section;  B,  longi- 
tudinal section.  In  A.f,  sec- 
tion of  the  vertebral  laminae. 
In  B,  formation  of  the  head 
by  the  reflexion  of  tbe  blasto- 
derma ;  e,  margin  of  the  invo- 
lucrum capitis,  and  entrance 
into  the  future  intestinal  canal 
(fovea  cardiaca  of  Wolfif).  The 
other  references  are  tbe  same 
as  in  fig.  XXXI. 
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tinuing  to  recede  still  farther  backwards  (fig.  XXXVI.  e),  and  the 
development  posteriorly  of  a  second  plait  or  fold,  sickle-shaped  or 
Fio.  XXXV. 


ng.  XXXV.  — Yolk  of  the  natural 
Biic  after  tbutfrBii  howB  of  incubation : 
o,  folk;  b,  fiddle-ahaped  pellucid  area, 
in  the  middle  of  wbich  the  embryo  \e 
Been.  In  the  vascular  area,  c,  c,  the  in- 
Eulte  ganguinis,  or  blood  islelB,  begin  to 


Rg.  XXXVI.— Magnified  view  of  the 
area  pellucida  of  the  vitellus,  fig.  XXXI. 
— (,  h,  cre«ts  of  the  donal  lamina,  re- 
ceding from  each  other  anteriorly  to 
form  the  cerebral  cells ;  if ',  cell  of  the 
eyes  and  thalami ;  d  *,  cell  of  the  corpora 
qnadrigemina ;  d',  cell  of  the  medulla 
oblongata  i  c,  c,  e,  c,  lanunte  dorsales,  of 
which  ten  are  present  on  either  side;  e, 
anterior  fold  of  the  blastoderma,  from 
which  the  involucrum  capitis  is  formed, 
shining  through  ;  ff,  posterior  fold  of  the 
blastoderma,  still  very  narrow,  from 
which  is  formed  the  involucrum  cauda  i 
/,  chorda  dorsalis. 
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crescentic  in  the  first  instance  also  (fig.  XXXVI.  g)^  the  future 
invoiucrum  caueke ;  the  sides  now  begin  to  turn  inwards  also,  by 
which  the  transparent  germinal  area  is  drawn  in  and  bent  laterally, 
and  made  to  assume  a  complete  f\ddle  shape,  (figs.  XXXV.  and 
XXXVI.)  The  embryo  is  three  hues  in  length;  the  broader 
and  more  strongly  bent  extremity,  with  its  transverse  plait  or  en- 
velope, is  visible  to  the  naked  eye.  The  crista;  of  the  dorsal 
laminae  have  become  approximated  through  a  larger  space,  touch 
each  other  (fig.  XXXVI.  i,  A,)  and  finally  coalescing  completely, 
close  the  canal  for  the  spinal  cord  (fig.  XXXVII.  A,  g)y  be- 
neath which  the  more  delicate  chorda  dorsalis  with  its  sheath  (e), 
extends.  The  four-cornered  laminse,  the  future  vertebral  arches, 
have  increased  in  number,  new  ones  springing  up  in  front  and 
behind ;  and,  about  the  thirty-sixth-  hour,  as  many  as  from  ten 
to  twelve  pairs  may  be  reckoned  (fig.  XXXVI.  c,  c,  c,  c).  At  this 
time  the  dorsal  laminse  separate  still  more  from  one  another  in 
front,  so  that  many  spaces  or  cells  become  distinctly  visible  be- 
tween them;  the  largest,  or  most  anterior  of  these  cells  (fig. 
XXXVI.  d  *)  has  become  somewhat  pointed  forwards,  and  curved 
underneath ;  laterally  it  presents  wide  bending  inlets,  which  in- 
dicate the  first  formation  of  the  eyes ;  it  is  the  cell  of  the  thalami 
and  crura  of  the  cerebrum;  the  second  smaller  cell  (rf*),is  the  cell 
of  the  corpora  quadrigemina ;  the  third,  an  elongated  cell  (rf*)  be- 
longs to  the  medulla  oblongata.  The  transparent  mass  of  the 
brain  and  spinal  marrow  acquires  greater  consistency,  and  is 
covered  with  a  firmer,  but  highly  transparent  layer,  the  future 
membranous  involucra  of  the  nervous  centres;  the  brain^  and 
medulla  oblongata,  up  to  this  time,  are,  therefore,  in  fact,  shut 
vesicles,  which,  on  account  of  their  transparency  only,  appear  as 


Fio.  XXXVII. 


Fig.  XXXVII. — Ideal  sections 
of  the  embryo  of  fig.  XXXII ; 
letters  of  reference  as  in  fig. 
XXXI.  A  Over  the  chorda  dor- 
salis, e,  is  seen  g,  the  canal  for  the 
spinal  cord,  formed  by  the  union 
of  the  cristas  of  the  dorsal  laminse. 
B,  longitudinal  section.  The 
heart,  d^,  is  evolved  as  a  thick- 
ening of  the  lamina  vasculosa. 
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open  spaces  lying  between  the  sinuous  cristas  of  the  dorsal  laminae. 
Outwsu^y^  from  the  cristae  of  the  dorsal  laminae^  and  the  four- 
cornered  laminae  of  the  vertebral  arches^  proceeds   the   serous 
lamina  of  the  germinal  membrane^  thickening  as  it  grows,  and 
bending  from  both  sides  at  the  same  time  slightly  inwards  ;  in  this 
part  a  number  of  small  dark  folioli  or  leaflets,  make  their  appear* 
ance  simultaneously,  which  become  particularly  plain  in  the  trans- 
verse section  (fig.  XXXVII.  Ay  and  especially  fig.  XL.  Ay  b*); 
these  are  the  rudiments  of  the  transverse  processes  of  the  vertebrae, 
and,  &rther  out,  of  the  ribs  likewise ;  these  lateral  prolongations  of 
the  serous  lamina  are  called  the  lamiruB  ventralesy  ventral  laminae 
(fascicB  abdominales,  Wolff,    lamiruB  viscerales  8,  abdominales  of 
others.)    As  the   dorsal  Taminae   arise   more  perpendicularly  in 
plaits,  and   converge  to   close  the  spinal  canal,  so  the  ventral 
laminae  spread  more  in  breadth,  bend  in  inferiorly,  and  converge 
to  form  the  lateral  parietcs  of  the  abdomen,  and  finally  to  close 
this  cavity*     The  vascular  and  mucous  layers  follow  the  turnings 
and  general  course  of  the  serous  layer,  and  decline  anteriorly  under 
the  head  of  the  embryo,  by  which  the  fovea  cardiaca  of  Wolff,  the 
anterior  depression  which  marks  the  commencement  of  the  intes- 
tinal canal,  becomes  deeper  (fig.  XXXIV.  Byf,  and  XXXVII.  B). 
From  this  sinus  the  vascular  and  mucous  layers  turn  more  pos- 
teriorly, and  immediately  again  proceed  forwards,  to  be  continued 
in  the  plane  of  the  germinal  membrane  (fig.  XXXVII.  £,  where  the 
heart,  d*,  is  indicated).     This  part  of  the  germinal  membrane, 
then,  covers  the  head  of  the  embryo  when  it  is  viewed  from  below, 
and  on  this  account  is  called  the  involucrum  capitis — ^the  cranial 
envelope  or  cap — ^among  writers  on  development ;  it  is  not  any 
independent  formation. 

Whilst  these  changes  in  the  form  of  the  serous  layer  are  going 
on,  others  are  proceeding,  pari  passu,  in  the  vascular  lamina,  in  the 
following  order,  from  the  end  of  the  first  day  to  the  middle  of  the 
second.  The  area  vasculosa  (figs.  XXXII.  and  XXXV.  c)  has 
enlarged,  and  from  a  form  rather  elongated,  has  assumed  one  that 
is  rounder.  Its  outer  circumference  is  beset  with  darker  aggre«- 
gated-looking  masses  (fig.  XXXV.) ;  single  isolated  points  appear, 
and  between  these  clefts  are  formed,  that  by-and-by  run  together 
and  form  channels  which  unite  in  meshes  with  one  another;  in 
these  channels  a  clear  colourless  or  extremely  pale  yellow  fluid 
can  by-and-by  be  distinguished  in  motion — this  is  the  blood.  The 
halones  (fig.  XXXII.),  which  had  become  more  sinuous  towards 
the  beginning  of  the  second  day,  now  vanish  entirely.   Along  with 
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these  occurrences  in  the  periphery  of  the  vascular  lamioa,  the 
development  of  ike  heart  has  been  advancing  in  the  centre,  under 
the  transparent  germinal  area  and  the  serous  layer  of  the  embryo. 
The  vascular  lamina  becomes  thicker,  and  appears  darker  in 
this  point;  the  heart  shows  itself  as  a  somewhat  sinuous  sac, 
interposed  between  and  pushing  apart  the  mucous  and  serous 
laminse  (fig.  XXXVII.  B,  d').  As  the  development  advances,  the 
heart  is  observed  from  the  under   or  abdominal  aspect  of  the 

Fio.  XXXVIII. 


Fig.  XXXVIII. — An  incubated  viteUns  of  the  Jackdaw'B  egg :  A,  of  the  na- 
tural nae ;  B,  magnified — a,  vilellary  nieinbrane ;  b,  b,  b,  halonea  ;  e,  embryo ; 
d,  area  pelluctda ;  e,  area  vaaculoaa.    (Compare  with  figs.  XXXII.  and  XXXV.) 


Fig.  XXXIX. — Anterior  end  of  an  embryo 
Bcarcelyof  greater  age  than  that  of  fig.XXXlt.geen 
from  the  abdominal  (the  Titellary)  aspect,  to  ihow 
the  first  formation  of  the  sacculate  heart,  a,  with  it* 
imtnergiDg  Taacular  (venoua)  tmnka,  <(,  e,/;  b,b, 
cresta  of  the  laraiufe  dorsalea  seen  ahining  Ihroogb. 
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embryo  as  a  sac^  simple  and  undefined  anteriorly^  of  greater 
breadth  posteriorly,  and  terminating  in  two  (fig.  XXXIX.  dyf^ 
or  three  (fig.  XXXIX.  e)  cnira ;  these  are  the  future  great  venw» 
tnmksy  which  as  yet  are  lost  insensibly  in  the  germinal  membrane. 
Even  at  this  period  undulating  motions,  rhythmical  contractions 
of  the  heart  may  be  perceived,  by  which  the  somewhat  wavy 
appearance  of  the  organ  is  produced;  the  same  clear,  or  nearly 
colourless  fluid  is  in  motion  in  the  heart  as  in  the  vessels  in  the 
periphery.  The  heart  occupies  the  whole  space  from  the  involucral 
point  of  the  germinal  membrane  to  the  cranial  end  of  the  embryo, 
and  is  consequently,  when  the  embryo  is  contemplated  from  below, 
covered  by  the  part  of  the  serous  membrane  which  at  the  same 
time  forms  the  involucrum  capitis.  The  embryo,  which  at  the  end 
of  the  first  day  bore  some  resemblance  to  a  punt  or  fiat-bottomed 
boat,  by  the  middle  of  the  second  day  has  acquired  the  form  of  an 
ordmary  small  boat  turned  over,  the  sides  of  which  (the  ventral 
laminse)  converge,  whilst  the  head  is  much  curved-  or  beak- 
fashioned  (the  bending  down  of  the  head),  and  furnished  with  a 
particular  cover  (the  involucrum  capitis) ;  the  posterior  part  is  also 
somewhat  recurved,  but  much  less  so  than  the  anterior  part,  by 
the  commencing  development  of  the  caudal  envelope.  The  ven- 
tral channel  extends  from  the  posterior  margin  of  the  heart  (fig. 
XXXIX.)  to  the  crescentic  plait  of  the  caudal  envelope  (fig. 
XXX VI.  from.e  to  ^,  seen  through  the  back  of  the  embryo  '"). 

"'  The  study  of  these  metamorphoses  of  the  first  half  of  the  second  day  is 
attended  with  extraordinary  difficulties^  particularly  as  regards  the  first  appear* 
ance  of  the  vascular  system.  On  the  structural  changes  of  the  vascular  lamina, 
the  formation  of  the  globules  of  the  blood,  &c.  see  Chapter  III.  in  which  the 
several  histological  metamorphoses  are  described.  [This  fundamental  idea  of 
the  formation  of  the  embryo  mediately  from  a  blastoderma,  dividing  into  two 
lamime,  called  serous  and  mucous,  having  relation  severally,  the  first  to  the 
animal,  the  second  to  the  vegetative  system,  has  just  been  called  in  question  by 
Reichert,  m  a  work  of  the  very  highest  interest,  entitled  Das  Entwickekmgsle* 
hen,  im  WirheUhierreich,  (Formatwe-life  in  the  Vertebraie-Animal-Kingdom)  4to. 
Berlin,  1840,  which  may  be  r^arded  as  another  of  the  fruits  of  the  discovery  of 
Schleiden  and  Schwann,  of  the  origin  from  cells,  and  mode  of  elementary 
formation  of  organized  beings  generally.  Reichert  starts  with  the  principle  that 
the  yolk  is  to  be  regarded  in  some  sort  as  the  embryo  in  a  state  of  solution,  and 
that  the  process  of  evolution  does  not  necessarily  take  place  through  the  medium 
of  what  is  called  a  germinal  membrane  divided  into  strata,  but  immediately  from 
the  vitelline  matter  itself.  His  researches  lead  him  to  conclude  that  the  evolu- 
tion of  the  vitellns  into  the  embryo  of  the  vertebrate  animal,  proceeds  according 
to  one  of  two  principles :  in  the  first,  which  obtains  among  fishes  and  the 
naked  amphibia,  the  central  organs  of  the  animal  life, — the  central  nervous  and 
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§  53.  The  changes  that  occur  during  the  second  half  of  the 
second  day,  from  the  thirty-sixth  to  the  fiftieth  hour,  are  the  fol- 
lowing :  the  dorsal  laminae  are  closed  along  the  whole  line  of  their 
course ;  the  head  curves  itself  more  and  more  under  the  body,  so 
also  does  the  tail ;  and  the  involucra  both  of  the  head  and  tail 
again  bend  towards  the  dorsal  aspect ;  the  ocular  sinuses  are  sepa- 
rated more  distinctly  from  the  anterior  cerebral  cell,  which  now 
lies  completely  underneath ;  the  cell  of  the  corpora  quadrigemina 
is  much  enlarged;  from  the  cell  of  the  medulla  oblongata  the 
organ  of  hearing  arises  as  a  vesicular  eminence,  and  in  its  anterior 
part,  a  particular  contraction  for  the  cerebellum  is  very  commonly 
to  be  perceived;  the  spinal  cord  is  now  a  laterally  compressed 
tube.  The  blood  collects  in  the  periphery  of  the  vascular  lamina 
within  a  circular  sinus  or  annular  vessel,  the  future  sinus  s,  vena 
terminalis.  The  heart  soon  parts  the  ventral  laminae  from  one 
another,  like  a  w^edge,  and  so  forms  a  hernia  behind  the  point  of 
reflection  of  the  germinal  membrane  to  the  cranial  involucrum ;  it 
is  here  that  the  venous  trunks  penetrate  which  carry  the  blood 
from  the  periphery  of  the  vascular  lamina  to  the  heart.  The  heart 
itself  has  now  become  a  relatively  narrower,  and  more  curved  or 
spirally  twisted  sac,  which  contracts  with  greater  vigour  than  here- 
tofore. The  anterior  extrenuty  of  the  heart  divides  into  two 
crura,  which  proceed  to  the  cover  of  the  future  oral  cavity,  and  run 
for  a  certain  way  under  the  vertebral  column,  where  they  blend 
into  the  future  aorta,  separate  again,  and  give  off  two  great  trans- 
verse branches,  which  lose  themselves  in  the  germinal  membrane 
towards  the  periphery  of  the  vascular  area.    The  blood  by  degrees 

mucous  systems,  as  also  the  allied  assisting  systems  and  organs  (the  skin, 
the  vertebrae,  the  blood)  are  severally  produced,  without  intermedium  from 
the  vitellus ;  in  the  second,  which  obtains  universally  among  the  higher  ver- 
tebrata,  the  scaly  amphibia,  birds,  mammalia  and  man,  the  immediate  evolu- 
tion of  the  embryo  from  the  yolk  takes  place  only  in  reference  to  the  central 
systems ;  the  part  which  he  names  mendn-ana  intermedia  (area  vasculosa,  for- 
mation of  the  blood)  now  becomes  the  mediate  instrument  by  which  the  further 
evolution  of  the  embryo  from  the  yolk  is  carried  on.  The  ovum  of  the  frog 
(Rana  esciUenia  and  R.  temporaria,  afforded  the  ova  employed  by  Reichert)  is 
the  best  subject  for  observing  the  genesis  of  the  embryo  immediately  from  the 
vitelline  matter. — R.  W.] 
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acquires  a  red  colour.  The  transparent  germinal  area  continues 
fiddle  shaped.  In  the  periphery  the  serous  lamina  recedes  still 
more  from  the  other  laminae  of  the  germinal  membrane  that  lie 
under  it,  at  the  same  time  that  it  is  raised  round  the  whole  circum- 
ference into  a  fold  which  grows  with  great  rapidity  in  the  beginning 
of  the  third  day  (fig.  XL.  A,  B,f),  The  whole  embryo  is  still 
more  bent  on  itself;  the  cell  of  the  corpora  quadrigemina  forms  its 
anterior  and  superior  end ;  the  caudal  end  is  turned  in  more  than 
ever,  and  the  mucous  layer  following  the  bending,  a  depression  is 
here  formed  in  the  same  way  as  we  have  seen  one  produced  to- 
wards the  anterior  extremity,  at  the  fovea  cardiaca;  the  digestive 
cavity  is  now  a  channel  of  considerable  depth ;  which,  however,  is 
still  largely  patulous  towards  the  vitellus,  from  which  undoubtedly 
it  derives  formative  materials. 

§  54.  Second  period  of  the  Development  of  the  Chick,  to  the  evolution 

of  the  second  circulation. 

The   second  period  in  the  history  of  the  development  of  the 
chick  begins  with  the  third  day,  in  the  course  of  which  the  circula- 

Fig.  XL. 


Fig.  XL. — Ideal  section  of  an  embryo  somewhat  younger  than  that  of  Fig. 
XLI.  A,  transverse  section  ;  a,  vitelline  membrane ;  b,  b,  laminse  dorsales  et 
▼ertebrales;  b*,  b^,  laminae  abdominales  and  transverse  processes;  c,  c,  lamina 
mucosa,  which  is  seen  bending  round  under  the  chorda  dorsalis  (e),  to  form  the 
intestinal  canal ;  d,  d,  lamina  vasculosa;  /,/,  peripheral  portion  of  the  lamina 
serosa,  proceeding  to  form  the  lateral  involucra  and  the  amnion ;  g,  medulla 
spinalis. — B,  longitudinal  section ;  a,  vitellary  membrane  ;  b,  lamina  serosa,  and 
dorsum  of  the  embryo ;  b  *,  head  of  the  embryo ;  c,  c,  lamina  mucosa ;  d,  lamina 
vasculosa;  d*,  heart;  d»,  branchial  arteries;  cl\ aorta;  d',  artery  of  the  blas- 
todenna  {arteria  vitellind). 


104  DEVELOPMENT. 

tion  in  the  vitelline  vessels  is  completely  established  (figs.  XLI.  and 
XLyill.)^  and  embraces  farther  the  changes  that  take  place  during 
the  fourth  and  fifth  days^  till  the  allantois  has  appeared^  the  mem- 
brane of  the  shell  has  been  attained^  and  the  second  circulation  is 
established ;  the  firsts  which  had  reached  its  highest  development 
at  the  end  of  the  fourth  day^  now  beginning  to  suffer  an  arrest^ 
and  to  decline  in  extent  and  activity  (figs.  XLIII.  and  XLY II.).  In 
the  course  of  this  period  the  embryo  is  completely  detached  from 
the  germinal  membrane^  and  becomes  enveloped  in  peripheral  pro- 
ductions of  the  same  part.  The  third  day  is  the  most  remarkable 
in  the  whole  history  of  the  development,  as,  from  the  general 
vigour  of  the  formative  processes,  all  the  organs  now  begin  to  be 
evolved,  and  the  characteristic  form  of  the  embryo  to  be  more  par- 
ticularly declared.  We  shall  speak  of  the  different  appearances  in 
groups,  as  they  are  associated  with  the  several  laminae  of  the 
germinal  membrane,  tracing  each  principal  formation,  and  each 
individual  organ  in  its  progress  from  the  beginning  to  the  end  of 
the  period  we  are  now  considering  "•. 

§  55.  The  dorsal  laminae  have  increased  in  size,  and  the  rudi- 
ments of  the  vertebrae  within  them  (the  vertebral  laminae)  are 
growing  both  anteriorly  and  posteriorly  (fig.  XLI.  A,  A) ;  they 
surround  the  spinal  canal  on  the  sides,  are  also  to  be  seen  over  the 
medulla  oblongata,  and  several  even  exist  anterior  to  the  ear  (fig. 
XLII.  at  rf)  "'.  In  the  vicinity  of  the  chorda  dorsalis,  outwardly, 
between  it  and  the  vertebral  laminae,  arise  the  first  cartilaginous 
rudiments  of  the  bodies  of  the  vertebrae,  which  blend  superiorly 
with  the  laminae  of  the  vertebral  arches,  close  in  the  canal  of  the 
spinal  marrow  below,   and   surround   the   cartilaginous   column 

1^*  It  may  be  as  well  to  observe  in  this  place,  that  the  assumption  of  determi* 
nate  periods  and  days  has  always  something  arbitrary  in  it,  inasmuch  as  different 
eggs  advance  in  their  development  with  very  different  degrees  of  rapidity,  even 
when  they  are  kept  together  in  a  perfectly  equable  temperature.  Neither  do  the 
individual  organs  always  bear  the  same  precise  relations  to  one  another  in  the 
degrees  of  their  development  at  the  same  particular  moment :  one  often  appears 
to  lag  a  little  behind  another.  [The  idea  of  the  embryo  becoming  pinched  off 
from  the  blastoderma,  is  combated  by  Reichert  (1.  c.  p.  110). — "The  embryo," 
says  he,  "  does  not  detach  itself  from  a  germinal  membrane  that  to  the  senses 
has  no  existence ;  neither  does  it  part  from  the  yolk,  from  which  it  is  to  receive 
development.  The  supposed  pinching  off  depends  much  rather  on  the  canalicular 
formation  of  the  inferior  visceral  tube  and  the  intestinal  system  which  it  includes.*' 
— R.  W.] 

120  It  is  usual  at  this  time  to  observe  two  pairs  of  vertebrae  lying  over  the  au- 
ditory veHicle,  as  in  fig.  XLII.  ci. 
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(sheath)  of  the  chorda  dorsalis.  Towards  the  fifth  day  the  chorda 
dorsaliB  b^iins  to  disappear.  The  Bpinal  marrow  is  laterally 
compressed,  and  falls  into  two  halves,  each  of  which  is  again 
divided  into  an  upper  and  an  under  fasciculus.  It  is  on  the  fifth 
day  tliat  the  mdimentary  enlargements  or  processes  indicative 
of  the  position  of  the  future  extrenatia,  make  their  appearance ; 
the  earliest  traces  of  the   cerebral  envelopes  were  already  con- 


Fig.  XLI. — View  of  BD  embryo,  four  linea  long,  magQi6ed  about  eight  diameter*. 
Tbt  embryo  ia  Mm  from  the  abdominal  surface;  the  time  ii  the  middle  of  the 
Ihtrd  day. — a.  Area  pellucida ;  b,  anterior  cerebral  cell  (ths  hemispheres) ;  c,  cell 
<A  the  thalami  and  crura  cerebri ;  d,  corpora  quadrigemina ;  e,  cerebellum  and 
medolb  oblongata ;  /,  the  eye,  a  wide  cleft  inferiorly ;  g,  the  auditory  vesicle  lying 
in  front  of  the  medulla  oblongata;  k,  h.  A,  vertebral  lamina;  i,  ventricle  of  the 
beut ;  i,  Btrium  cordis ;  k ',  superior,  and  k ',  inferior  vein  of  the  blastoderma ; 
I,  bulb  of  the  aorta,  giving  off  the  four  branclual  arteries,  over  which  lie  three 
branchial  arches,  I,  3,  3  ;  m,  m,  arteries  of  the  hlastoderma  proceeding  from  the 
divided  tninlc  of  the  aorta ;  inwards  from  either  aorta  the  bodies  of  the  vertebral 
onuns  are  nnited  by  suture ;  n,  the  Allantoisjust  budding  forth;  d,o,  0,0,  mar- 
gins of  the  abdominal  cavity,  reflected  superiorly  into  the  involucrum  capitis,  p ; 
inferiorly  into  the  involucrum  caudie,  q,  q.  The  mesentery,  Wolffian  bodies, 
&c.  which  have  by  this  time  begun  to  appear,  are  left  out.  The  actual  length  of 
ibe  embrf  o  is  indicated  by  the  line  with  the  asterisk. 
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splcuous  on  the  fourth  day.  The  medulla  oblongata  (fig,  XLII. 
between  c  and  d)  is  extremely  flat  above,  in  consequence  of  the 
divergence  of  the  superior  fasciculi  from  one  another,  and  thus  is 
the  basis  laid  of  the  fourth  ventricle,  which  appears  to  be  covered 
with  its  own  peculiar  medullary  and  enveloping  lamina '".  An- 
teriorly, the  fasciculi  of  the  medulla  oblongata  ascend  towards  the 
corpora  quadrigcmina  in  two  perpendicular  laminae,  which,  on  the 
Bfth  day,  become  apphed  to  one  another,  and  so  cover  the  fourth 
ventricle  superiorly  and  anteriorly ;  thus  is  the  cerebellum  produced, 
visible  from  the  side  as  an  enlargement  (fig.  XLI.  e,  fig.  XLII.  d, 
figs.  XLIII.  and  XLVII.  o'),  behind  which  the  fourth  ventricle 
presents  itself  as  a  deep  depression  {fig.  XLIII.  and  XLVII.  rf). 
The  corpora  quudrigemina  form  a  simple  and  very  considerable 
cell,  which  projects  forwards  in  an  arched  or  vaulted  manner, 
but,  with  the  increasing  declension  of  the  head,  turns  always 
more  and  more  downwards  (fig.  XLI.  and  XLIX.  d,  fig.  XLII.  e, 
figs.  XLIII.  and  XLVII.  a,  fig.  XLV.  B,  a,  fig.  XLIV.  b,  fig. 
XLVI.  c).  The  laminfe,  which  form  the  cerebellum,  proceed  up- 
wards, blending  in  the  corpora  quadrigemina,  under  which  the 
fourth  ventricle  is  continued  as  the  aqueductus.  Anteriorly  to  the 
corpora  quadrigemina  lies  the  asymmetrical,  smaller,  middle 
cerebral  ceU  (figs.  XLI.  and  XLVII.  c,  figs.  XLIL  and  XLIII.  /, 
fig.  XLV.  B  before  r),  formed  by  the  advancing  laminae  of  the 
medulla  oblongata  as  the  crura  cerebri;  it  is  open  superiorly,  and 
extends,  as  the  third  ventricle,  with  a  wide  opening  into  the  infun- 

»>  The  inveBtigation  of  this  point  is  diflicult,  and  1  iiave  not  been  able  fully 
to  satisfy  mfSEir  that  the  fourth  ventricle  it  covered  with  an  enveloping  layer; 
the  outer  coverings  over  this  part  are  thick,  and  obscure  the  view  of  what  lies 
under  them 


Fig.  XLII. — Anterior  end  of  an  embryo  somewhat 
more  highly  magnilied  and  a  fen'  hours  older  than 
that  of  fig.  XLI.  a,  a.  Cranial  involucrum ;  b,  b, 
vertebra]  laminK  near  the  crests  of  the  now  closed 
doreal  lamitue ;  e,  spinal  cord  passing  into  the  medulla 
oblongata  d,  which  in  its  turn  posses  by  a  depressioa 
(the  fourth  ventricle)  into  the  corpora  quadrigemina 
ej/,  mesocephalon  (thalami  and  crura  cerebri);  y, 
hemispheres;  h,  superior  maiillary  bone;  t,  autlitory 
vesicle ;  k,  branchial  arches ;  I,  allium  cordis ;  m,  the 
heart  hanging  forwards  i  b,  bulb  of  the  aorta. 


DEVELOPMENT   OF   THE    CHICK SECOND    PERIOD. 


107 


dibulum^  which  on  the  second  day  was  directed  straight  down- 
wards, but  which  now,  from  the  great  bending  in  of  the  head,  is 
turned  backwards,  and  even  upwards.  In  this  cell,  which  was  the 
first  formed,  and  foremost  cerebral  cell  (fig.  XXII.  d  ^),  the  thalami 
make  their  appearance  towards  the  end  of  the  period.  The  most 
anterior  cerebral  cell  at  the  present  epoch  is  symmetrical,  and  con- 
tains the  hemispheres  (figs.  XLI.  XLII.  XLIII.  and  XLVII.  b, 
fig.  XLII.  ff,  fig.  XLVI.  dy  fig.  XLV.  By  p) ;  according  to  the 
natural  curvature  of  the  embryo,  it  lies  completely  downwards. 
The  optic  nerve  appears  as  a  vesicle  betwixt  the  middle  and  anterior 
cerebral  cell^  in  which  the  external  envelopes  (the  outer  portion  of 
the  serous  membrane),  preparatory  to  the  formation  of  the  eye  ball, 
bend  circularly  inwards  in  the  shape  of  a  sac,  and  externally  form 
a  projection,  which  opens  downwards  as  a  cleft ;  this  is  closed  by 
degrees,  and  at  length  forms  a  colourless  thin  streak,  whilst  the 
rest  of  the  bulb,  from  the  deposition  of  the  pigmentum  nigrum,  is 
dark  or  deeply  coloured ;  the  lens  makes  its  appearance  very  early 
(on  the  third  day),  forming  a  particular  closed  capsule  within  the 
sac  of  the  external  envelopes  (the  ball  of  the  eye),  and  lying  in  the 
midst  of  an  albuminous  ball,  the  vitreous  humour.     (On  the  meta- 

i»  The  development  of  the  eye  is  among  the  most  difficult  points  in  the  whole 
subject ;  much  remains  to  be  done  in  it.  The  labours  of  Buschke  upon  the 
point  are  admirable.  Vide  Meckel's  Arckivfur  1832,  S.  1.  tab.  i,  and  Ammon's 
Zeitsekr^fur  Ophthalmologie,  B.  IV.  S.  272,  tab.  ii. 
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Fig.  XLIII. — Embryo  of  the  fowl,  nearly  five 
lines  in  length,  at  the  seventy-second  hour  of  in- 
cubation (transition  from  the  third  to  the  fourth 
day).  The  abdominal  surface  is  partly  laid  open 
and  the  parts  separated ;  the  amnion  is  removed, 
a,  Corpora  quadrigemina ;  6,  the  hemispheres ;  c, 
the  nasal  depression;  d,  the  fourth  ventricle,  in 
front  of  which  lies  the  cerebellum  a^  which  is  now 
more  distinctly  defined ;  e,  the  ear ;  /,  the  eye,  in 
the  choroid  of  which^  already  furnished  with  its 
pigment,  a  cleft  is  seen ;  g^ — g*^  the  four  branchial 
clefts ;  A,  the  heart ;  t,  the  liver ;  k,  the  intestinal 
canal,  with  its  open  vitellary  duct  /;  m,  the  rectum 
still  ending  in  a  blind  sac ;  n,  the  allantois ;  o,  the 
anterior,  and  p,  the  posterior,  extremity ;  9, 9, 9,  q. 
Wolffian  bodies ;  r,  upper  jaw ;  5,  under  jaw. 
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morpbosis  of  the  eye,  consult  figs,  irom  XLI.  to  XLII).  The 
organ  qf  hearing,  at  first  a  simple  vesicle  arising  from  the  medulla 
oblongata,  soon  becomes  a  distinct  sac,  which,  examined  from 
behind,  appears  attached  to  the  medulla  oblongata  by  means  of  a 
pedicle, — the  acQiutic  nerve  (fig.  XLII,  i) ;  distinct  from  it  a  cleft 
appears  (fig.  XLIV.  A,f),  which  increases  over  against  the  acoustic 
sac,  and  sioking  into  it,  forms  the  external  meatus  aadUorins.  If 
the  embryo  be  lying  upon  its  side,  the  acoustic  sac,  which  sub- 
sequently forms  the  labyrinth,  is  seen  as  a  rounded  enlargement 
(fig.  XLl.^,  XLIII.  e,  XLIV.  A,  n),  which  in  the  course  of  the 
period  under  consideration  comes  continually  forward.    About  the 

Fia.  XLIV. 


Fig.  XLIV.  ^.— EmbryD  of  the  fowl  of  the  fifth  day,  much  magoified  ;  after 
Huschke  (Isis,  1828,  §  163.) — a,  a,  herauphersB;  b,  corpora  quadhgemioB;  c, 
upper  jaw ;  d,  under  jaw ;  e,  first  branchial  arch  (cu  hyouUi) ;  /,  nieatUB  audJ- 
toriuB  extemuB ;  ff',g',g*,  first,  Mcond,  and  third  branchial  ftMurea ;  h',  h', 
A',  the  three  branchial  aiterieii ;  i,  the  heart ;  k,  the  eye  with  the  cleft  1 ;  m,  de- 
scending aorta ;  D,  cftTity  of  the  mouth  and  fauces ;  «,  acoustic  pouch. 

Fig.  XLIV.  B  (after  Huschke),  front  view  of  the  embrj o  of  the  fowl,  of  the 
fourth  day:  a,  hemispherea ;  6,  corpora  quadrigeminai  e,  efe;  (^  upper  jaw ;  e, 
lower  jaw;/,  enlargement  of  theoa  tafoidest^,  ventricle  of  the  heart;  A,  atrium 
cordis ;  D,  oral  aperture  and  faudal  cavity. 
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b^nniiig  of  the  third  day,  the  olfactory  nerve  shows  itself  towards 
the  basis  of  the  cell  of  the  hemispheres ;  at  a  later  period  the 
noKd  hollow  (Sg.  XLIII.  c)  is  observed  as  a  broad  depression  with 
puffed  edges;  on  the  fifth  day  both  nasal  hollows  haye  become 
deeper,  and  are  now  distinct  from  one  another. 

§  56.  Very  important  metamorphoses  go  on  during  this  period 
b  the  ventral  laminie  lying  on  either  side  of  the  dorsal  luninse, 
or  middle  portion  of  the  embryo ;  so  far  these  ventral  laminse  are 
formed  from  the  serous  layer  of  the  germinal  membrane  only; 
they  separate  into  a  superficial  thinner  layer  (figs.  XL.  and 
XLV.  A,b*  and/),  which,  like  a  cuticle^  loses  itself  in  the  peri- 


^- 


Rg.  XLT.— Ideal  tectioii  of  an  embryo  nearljr  at  the  end  of  ibe  tbird  da; : — 
<f,  tmuTcne  aectioii;  a,  vHeltiiie  membrane,  b,  b,  lamins  dorealet,  &c.  aa  in 
Gg-  XL.  B,  longitudinal  section.  The  cnnial  and  caudal  inToIucra  approxi- 
mate, and  at  length  meeting,  they  cIom  the  amnion ;  y,  the  eye ;  k,  entrance  into 
>ht  moath,  or  fovea  cardiaca ;  i,  the  teeophagna,  witb  the  rudimentary  lung  bnd- 
^  ont  aa  a  diverticuliun  from  it ;  k,  expansion  of  tbe  alimentary  tract,  marking 
the  teat  of  tbe  stomach ;  I,  posterior  abut  extremity  of  the  intestine,  from  which 
ptoctedi  the  allantois  e,  auirounded  by  the  vascnlar  iamina  d ;  m,  tbe  mesenteric 
wiaa ;  a,  paaiage  from  the  vitellua  to  the  open  abdomen ;  o,  anterior  part  of 
"»  hod  (cMpora  qnadrigemina) ;  p,  bemiapherea ;  r,  auperior  maxilla ;  «,  ioferior 
nxxiOai  h  oral  daft  or  apertnre:  1,  9,  3,  three  branchial  clefts.  Other  re- 
ferencea  ai  in  fig.  XL. 
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phery  of  the  embryo  upon  the  deeper  stratum ;  and,  as  it  has 
already  suffered  a  reflection  anteriorly  opposite  the  heart,  and 
formed  the  involucrum  capitis ;  so,  towards  the  posterior  part,  it 
has  bent  over  as  the  involucrum  cauda?,  and  been  formed  into 
plaits  or  folds  laterally,  as  the  lateral  envelopes.  Thus  is  the 
serous  layer  of  the  germinal  membrane,  or  upper  layer  of  the 
ventral  laminae,  raised  on  every  side  to  converge  into  an  elliptical 
plait  towards  the  back  of  the  embryo ;  on  the  fourth  day,  these 
plaits  have  approached  each  other  very  closely ;  the  anterior  is  now 
called  the  vagina  capitis  (fig.  LXV.  5,/,  forwards) ;  the  posterior 
vagina  cauda  (fig.  XLV.  B,  fy  backwards) ;  the  lateral  folds  may, 
in  like  manner,  be  entitled  the  vagirue  laterales  (fig.  XLV.  A,fyf) ; 
they  coalesce  at  the  end  of  the  fourth  day,  and  form  a  visible 
cicatrice  over  the  lumbar  region  of  the  embryo.  In  this  way  w^e 
have  a  complete  vesicular  envelope  thrown  around  the  embryo, — 
the  AMNION,  (fig.  XLVI.  a,  a,)  which  is  filled  with  fluid.     The 


Fig.  XLVI. 


Fig.  XLVI.— Outline  of  the  embryo  of  the  fowl,  at  the  end  of  the  fifth  day, 
much  magnified ;  a,  a,  amnion ;  6,  allantois ;  c,  corpora  quadrigemina ;  dy  hemis- 
pheres ;  e,  eye ;  /,  anterior,  and  p,  posterior  extremity.  The  natural  dimensions 
of  this,  as  of  many  of  the  other  figures,  are  indicated  by  a  line  or  lines  with  an 
asterisk. 
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upper  layer  of  the  fold  (fig.  XLV.  A  and  B,  lying  under  the  vi- 
telline membrane^  a^)  covers  the  Tvhole  germinal  membrane^  and 
grows  around  the  yolk  as  a  serous  capsule  or  cyst^  vesica  serosa — 
the  false  amnion  of  Pander.  At  the  place  where  the  embryo  lies, 
this  layer  is  separated  from  the  rest  of  the  germinal  membrane  by 
a  considerable  space.  The  inferior  layer  of  the  serous  ventral 
lamina  forms  the  ventral  paries,  and  gives  origin  to  the  bones  and 
muscles  which  compose  the  neck  and  trunk.  Inferiorly,  the  vas- 
cular lamina  lies  upon  it,  and  this,  with  the  serous  lamina,  evolves 
the  formations  which  are  now  to  be  described.  On  either  side, 
under  the  vertebral  column,  there  is  a  lamina  detached,  which 
grows  thicker,  and  increases  in  a  direction  perpendicularly  down- 
wards ;  these  are  the  lamirue  mesenterictBj  between  which  there  is, 
at  first,  an  open  triangular-shaped  channel  or  cleft,  the  foramen 
meserUerii  (erroneously  regarded  by  Wolff  as  an  intestinal  chan- 
nel) ;  both  the  mesenteric  laminse  push  the  mucous  layer  before 
them,  and  speedily  unite,  at  an  acute  angle,  in  the  suture — sutura 
(fig.  XLV.  A,  hj  By  m).  The  furrow  or  foramen  of  the  mesentery 
resembles  an  equilateral  triangle,  with  one  of  its  angles  pointing 
directly  downwards.  After  the  union  of  the  two  mesenteric  laminae, 
the  resulting  structure  grows  most  rapidly  posteriorly,  opposite  the 
middle  of  the  body,  and  here  forms  a  septum,  dividing  the  abdo- 
minal cavity  into  two  halves. 

It  is  at  the  beginning  of  the  intestinal  canal,  where  the  ventral 
laminae  are  converging,  that  the  branchial  arches  are  developed; 
the  parietes  of  the  body  here  become  thinner ;  and  in  this,  the 
cervical  region,  several  clefts  or  fissures  make  their  appearance, 
which  sink  downwards,  and  penetrate  through  the  mucous  layer ; 
there  are  three  pairs,  or,  with  the  oral  aperture,  four  pairs  of  such 
fissures,  but  the  posterior  pair  are  extremely  small;  they  are 
called  the   branchial  fissures — fissurae   branchiales  ("*) ;   between 


^^  The  discovery  and  true  interpretation  of  the  hranchial  fissures  in  the 
embryo  of  the  higher  vertebrata,  belongs  to  Rathke,  Isis,  1825,  vol.  i. ;  I^twa 
Ada  Acad.  Natur.  Curiosor.  xiv.  Shortly  after  this,  Buschke  illustrated  the 
matter,  particularly  in  the  chick,  Isis,  1826  and  1827.  Very  recently  Reichert 
has  pursued  the  subject  deeply ;  he  calls  the  branchial  arches  visceral  arches — 
Miiller's  Archie  fur  1837.  His  assertion,  that  these  are  not  branchial  arches,  is 
a  mere  dispute  about  a  word ;  it  Mras  never  imagined  that  the  parts  in  question 
were  proper  giUs  ;  but  they  are  vascular  arches,  which  are  in  every  respect  ana- 
logous to  the  vascular  arches  of  the  gills  of  fishes,  only  not  branching  like 
these. 
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them  lie  three  segments  or  divi^ionB  of  the  ventral  laminae,  which 
are  blunt  and  rounded  anteriorly,  bevelled  off  towards  the  digestive 
cavity,  and  therefore  sickle-ahaped ;  these  are  named  the  branchial 
arches— ar««  branchiala  (figs.  XLI.  XLII.  XLIII.  XLV.  &c.) ; 
the  fourth  branchial  arch  is  placed  hindmost,  and  is  not  yet  dis- 
tinct from  the  ventral  lamina.  On  the  foiuth  day,  the  two  most 
anterior  branchial  arches  increase  in  thickness  (fig.  XLIII.  be- 
tween^' and  <7*);  a  new  fissure  is  formed  posteriorly  (fig.  XLVIl. 
g^) ;  on  the  fifth  day,  the  foremost  fissure  closes  (fig.  XLIV.  A, 
between  rf  and  e),  and  the  foremost  branchial  arch  unites  with  ita 
fellow  of  the  opposite  side,  and  forms  the  tower  Jaw  (fig.  XLIV. 
A,  dy  B,  e);  the  next  in  succession  is  transformed  into  the  o* 
kymdea  (fig.  XLIV.  A,  e,  B,  /).  The  two  last  branchial  fissiures 
close  up  on  the  fiflh  day ;  at  the  same  time,  the  first  is  lost 
entirely;  but  the  second  continues  longer  open  (fig.  XLIV.  A, 
ff') '".  On  the  third  and  fourth  days,  the  part  of  the  ventral 
lamimtj  which  is  situated  in  front  of  the  lower  jaw,  thickens  and 
resolves  itself  into  the  tipper  Jaw  (fig.  XLIII.  a,  and  XLVIL  1, 
above  2} ;  this  part  is  more  strongly  marked  on  the  fifth  day 
(XLIV.  A,  c).    The  two  sides  of  the  upper  jaw  do  not  meet  in 

'**  Tht  first  brtnchial  fiiiure  ii  metaniorphosed  internally  into  the  Eustachian 
tube,  extemBllf  into  tbe  extemBl  meatus  (fig,  XLIV.  A,/).  I  have,  I  may  state, 
found  that  the  order  in  which  th«  branchial  fiaaurea  disappear  is  far  from  being- 
quite  regular;  the  whole  of  them  may,  in  many  cases,  be  found  ezistiiu  more 
or  lest  umnltaneonsly  (fig.  XLVII.  &c.). 


Fig.  XLVII.— Embryo  of  the  fowl  of  tbe  lint 
half  of  the  fourth  day;  o,  corpora  quadrig«mina ; 
b,  hemispheres  ;  e,  mesocephalon  (tbalami) ;  d, 
fourth  Tentricle ;  /,  eye,  the  cleft  in  the  choroid 
beginning  to  close ;  ;',  g\  the  firat  and  se> 
cond  branchial  space*  still  entirely  open ;  g^. 
If*,  the  third  and  fourth  spaces  open  behind 
only;  h,  the  venbicle  of  the  heart,  now  of  a 
rounded  form ;  i,  aorta ;  n,  allantots ;  o,  ant»- 
lior,  and  p,  poaterior  extremity.  I,  2,  upper 
and  under  jaw.  The  line  with  die  aateriak  indi- 
cates the  natural  length  of  the  embryo. 
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tlie  first  instance;  the^  coalesce  at  a  later  period,  through  the 

medium  of  the  frontal  process,  which  is  developed  betwixt  the  eyes 

(fig.  XLIV.  B,  over  D.) 

The  rudiments  of  the  n^  begin  to  be  formed  in  the  parts  of  the 
ventral  Umins  which  lie  behind  the  branchial  arches ;  the  extre- 
mities show  themselves  upon  the  external  aspects  of  the  same 
laminee.  Of  the  extremitie$  there  is  still  no  trace  to  be  discovered 
in  the  first  half  of  the  third  dfly  (fig.  XLl.],  but  in  the  second  half 
of  tliat  day  they  arise  on  the  sides  of  the  ventral  laminse  as  narrow 
edgings,  which  by  the  close  of  the  day  have  turned  more  upwards, 
gained  Uie  outer  margins  of  the  ventral  lamins,  and  changed  into 
rounded  ofilsets  (fig.  XLIII.  o,p),  the  posterior  pair  being  distin- 
guished from  ^e  anterior  by  somewhat  greater  breadth  (fig. 
XL VII.  o,p),  on  the  fifth  day  they  recede  still  more  upwards  to- 
wards the  dorsal  laminte,  become  pediculated,  and  present  a  broad 

shovel-shaped  termination  (fig.  XLVI.^  jr). 

§  57.  The  vaaadar  lamina  in  its  development  follows  the 
phases  of  the  first,  or  vitellicular  circulation,  which,  as  has  been 


Fig.XLVIII. — View  of  the  Vitellus  Tnagiiifi«d  rather  more  thu  tvo  diame- 
ten,  exhibiting  the  cirenlation  of  the  bkatoderma  completely  developed : — a, 
Vitclhia ;  (,  vena  •.  dmu  tenniiuUi ;  (*  point  of  approziination  to  the  embryo 
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stated^  attains  its  height  on  the  fourth  day  (fig.  XLVIIL).  Imme- 
diately under  the  head  of  the  embryo^  three  blood-red  bounding 
points  are  seen  (fig.  XLYIII.  d),  the  expression  of  the  alternating 
contractions  of  the  three  divisions  of  the  heart,  which  are  now  in 
the  course  of  formation, — ^the  sinus  venosus  (fig.  XLI.  k,  XLII.  /), 
which  receives  the  veins,  and  towards  the  end  of  the  third  day 
shows  traces  of  the  two  auricles,  the  ventricle  (XLI.  t,  XLII.  m), 
and  the  bulbus  aortm  (XLI.  /,  XLII.  n),  divided  from  the  ventricle 
by  a  contraction.  In  this  period  the  heart  presents  such  diversi- 
ties that  it  may  be  said  to  be  in  a  state  of  ceaseless  metamorphosis, 
both  as  regards  form  and  position.  On  the  second  day,  it  is  a 
somewhat  spiraUy  twisted  canal  lying  under  the  brain  (fig.  XLI.  t ) ; 
on  the  third  day,  it  has  drawn  itself  more  backwards,  become  more 
concentrated,  and  bent  round  as  it  were  into  a  kind  of  loop  (fig. 
XLII.  m),  when  it  appears  to  project  in  the  form  of  a  tumour 
between  the  ventral  laminae  (figs.  XLII.  and  XLIII.  A),  first  in- 
clining to  the  left  and  then  to  the  right,  and  being  all  the  while 
within  the  compass  of  the  involucrum  capitis  (fig.  XLIX./).  The 
ventricle,  which  during  the  third  day  is  stiU  canalicular,  becomes 
more  globular  on  the  fourth  day  (fig.  XLVII.  A),  and  pointed  un- 
derneath, so  that  it  acquires  the  proper  heart-shape  (fig.  XLIV.  JS, 
g) ;  it  then  lies  very  much  to  the  right,  whilst  the  sinus  venosus, 
which  is  become  more  distinct  fit>m  it,  lies  more  to  the  left  (fig. 
XLVII.  behind  A).  At  the  end  of  the  third  day,  the  constriction 
between  the  ventricle  and  aortal  bulb  (the  fretum  of  Haller),  is 
already  well  marked  (fig.  XLII.  n).  On  the  fourth  day,  the  mus- 
cular mass  of  the  heart  and  the  septum  ventriculorum  is  produced ; 
in  the  sinus  venosus  the  septum  is  not  begun  to  be  formed  till 
the  fifth  day,  and  the  two  apices  into  which  the  veins  even  on  the 
third  day  were  seen  to  plunge  (fig.  XLII.  below  /),  enlarge,  and 
become  the  auricles.  Some  time  before  the  bulbus  aortae  becomes 
distinctly  pinched  off  (fig.  XLIX.),  it  divides  at  the  beginning  of  the 
third  day  into  four  pairs  of  vascular  arches,  which  show  themselves 
through  the  abdominal  laminae,  the  most  posterior  of  the  four 

of  the  tenxiinal  sinus,  and  its  communication  with  the  veins  g,S!;c,  aorta ;  d^ 
punctum  saliens,  or  pulsating  point  of  the  heart  ;/y^  arteries  of  the  hlasto- 
derma;  ^,  ^,  veins  of  the  same  (one  inferior,  two  superior;  sometimes  there 
is  but  one  above  as  well  as  below) ;  e,  e,  the  fiddle  or  guitar-shaped  area  pellu- 
cida ;  h,  the  eye.  (This  figure  will  be  found  to  correspond  in  almost  every  par- 
ticular with  that  of  Pander,  tab.  iv.  fig.  1.  of  his  well-known  work,  JSn/wJdte- 
bmgsgesckichie  dei  Huknchms  tm  Eie).  The  more  delicate  ramifications  of  the 
vessels  and  their  numerous  inosculations  with  the  bounding  sinus  are  omitted. 
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being  the  smallest  (fig.  XLIX.  1—- 4) ;  after  the  formation  of  the 
branchial  fissures  they  lie  behind  the  sickle-shaped  branchial 
arches  (figs.  XLI.  XLV.  £,  XLII.);  they  unite  on  either  side 
upon  the  vertebral  column  into  a  radix  aortae^  or  aortal  root ;  the 
two  aortal  roots  blend  more  posteriorly,  and  form  the  aorta  in 
common  (fig.  XLIX.).  The  vascular  arches  undergo  considerable 
changes  in  the  course  of  the  fourth  day :  the  first  pair  gradually 
disappears  and  is  at  length  obliterated,  and  the  second  becomes 
smaller ;  but  on  either  side  there  is  a  fifth  arch  formed,  which  be- 
comes larger  on  the  fifth  day,  whilst  the  Second  now  disappears, 
so  that  on  this  day  there  are  three  vascular  arches  present,  all  of 
neariy  equal  magnitude  (fig.  XLIV.  A,  h\  A*,  A*).  The  carotid,  and 
by-and-by  the  vertebral,  arteries  now  make  their  appearance,  aris- 
ing firom  the  aortal  roots,  and  the  bulbus  aortae  undergoes  a  divi- 
sion into  two  passages.  On  the  fourth  day  the  aorta  gives  ofi*  dis- 
tinct vessels  between  the  several  divisions  of  the  vertebrae ;  it  then 
divides  and  furnishes  two  principal  branches,  which  go  ofi*  in  trans- 
verse directions  (fig.  L.  c,  XLIX.  i,  i,  XLI.  m,  m,  XLVIII.^/), 
and  splitting  into  branchlets,  form  an  extremely  beautiful  network 
upon  the  outspread  germinal  membrane ;  the  aorta  afterwards  pro- 
ceeds, first  divided  and  then  single,  along  the  vertebral  column, 
gives  off  a  mesenteric  artery  (fig.  XL.  XLV.  JB,  df '),  and  finally 
splits  into  two  branches  that  ramify  upon  the  allantois  (figs. 
XLIII.  XLVII.  n).  Almost  simultaneously  with  the  formation  of 
the  arteries  an  accompanying  system  of  veins  is  developed ;  the 
veins  of  the  germinal  membrane,  however,  are  so  far  in  opposition 


Fig.  XLIX. 


Fig.  XLIX. — Embryo  of  the  yolk  depicted  in 
fig.  L.  seen  from  the  abdominal  aspect,  mag- 
nified, a.  Vagina  s.  involucrmn  capitis ;  6,  vagina 
8.  involucrum  caudse  (a  and  h,  folds  of  the  germi- 
nal membrane  enveloping  the  head  and  tail) ;  c,  c, 
anterior  passage  of  the  involucrum  capitis  into  the 
lateral  involucra ;  d^  vault  of  the  mass  appertaining 
to  the  corpora  quadrigemina ;  e,  anterior  cerebral 
mass  or  lobe ;  /,  heart ;  g,  termination  of  the  ven- 
ous trunks  in  the  future  atrium  cordis ;  h,  aorta; 
1,  2,  3,  4,  the  four  branchial  arteries  ;  t,  t,  arteries 
of  the  blastoderma ;  k^  k,  translucent  crests  of  the 
dorsal  Umin«,  rendered  somewhat  wavy  by  the 
water  in  which  the  embryo  is  immersed  ;  I,  I,  ver- 
tebral  laminsp. 
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to  the  arteries,  that  whilst  these  are  directed  transversely  towards 
the  sinus  terminalis  (fig.  XLVIII./,/),  those  run  parallel  with  the 
long  axis  of  the  embryo ;  one  inferior,  larger  vein  lying  on  the  left 
(fig.  XLVIII.  g,  XLI.  it*),  to  which  comes  a  second,  smaller,  often 
scarcely  perceptible  one,  situated  on  the  right,  and  either  one  or 
two  superior  veins  (fig.  XLVIII.  g^g^  XLI.  **)  bringing  the  blood 
from  the  vascular  area  to  the  heart.  The  system  of  the  venae  cavae 
is  evolved  in  the  body  of  the  embryo  at  a  still  earlier  period  than 
the  arterial  system,  and  the  portal  system  is  distinctly  separated 
on  the  fourth  day  and  ramifying  in  the  liver.  The  circulation 
upon  the  germinal  membrane  is  therefore  a  vitellicular  circulation ; 
the  blood  coiu^es  from  the  embryo  through  the  two  arterise  vitel- 
linae  b,  omphalo-mesentericse  (fig.  XLVIII.^/),  to  the  sinus  ter- 
minalis or  vascular  circle,  which  on  the  fourth  day  appears  quite 
full  of  blood ;  from  this  the  blood  is  returned  to  the  heart  through 
the  four  venous  trunks, — ^the  venae  vitellinae  b.  omphalo-mesente- 
ricae  (fig.  XLVIII.  g^  g,  g).  The  smallest  arteries  and  veins  also 
conmumicate  with  one  another  by  their  most  delicate  extremities, 
and  form  a  beautiful  rete  with  rhomboidal-shaped  meshes  **'. 

§  58.  There  is  a  very  peculiar  formation  belonging  to  the  fcetus 
alone,  and  having  a  temporary  or  transitory  character,  which  must 
now  be  mentioned,  namely  the  Wolffian  bodieBy — corpora  Wblffiana, 


^  Reichert  states  that  but  three  branchial  vascular  arches  exist  on  either  side, 
and  that  they  move  gradually  more  and  more  backwards,  so  that  the  evolution 
of  new  arches  and  the  disappearance  of  older  ones  are  merely  apparent.  In  my 
earlier  researches,  I  conceived  that  I  saw  four  vascular  branchial  arches  ezistiof^ 
simultaneously  in  the  manner  I  have  figured  them ;  I  have  never  observed  five 
arches,  although  Baer  speaks  of  them  as  so  numerous. 


Fio.  L. 


Fig.  L. — Yolk  of  the  hen's  egg,  of  the 
natural  size,  but  flattened  through  loss  of 
support,  at  the  beg^ning  of  the  third  day  of 
incubation,  exhibiting  the  earliest  traces  of 
the  circulation. — a,  Vitellus  ;  &,  embryo  ; 
c,  c,  arteries  of  the  blastoderma ;  d,  d,  veins 
of  the  blastoderma ;  e,  e,  sinus  terminalis. 
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or  primordial  kidneys  ***.  These  bodies  are  a  product  of  the  vas- 
cular membrane^  though  the  serous  layer  would  also  seem  to  have 
some  share  in  their  formation.  They  make  their  first  appearance 
in  the  second  half  of  the  third  day^  as  a  pair  of  narrow  but  thick 
striae^  which  sprout  outwardly  from  each  mesenteric  lamina,  in  the 
angle  formed  between  this  and  the  ventral  lamina  in  the  line  of 
the  vertebral  column,  from  the  region  of  the  heart  as  far  as  the 
allantois.  Even  at  this  early  period  they  exhibit  interchanging 
elevations  and  notches,  and  a  canal  or  duct  running  in  the  line  of 
their  long  axis.  On  the  fourth  day  the  corpora  Wolffiana  are 
recognized  as  being  formed  out  of  hollow  ccecal-like  appendages, 
which  are  attached  along  the  course  of  the  duct  or  canal  (fig. 
XLIII.  g,  q^  q,  q) ;  on  the  fifth  day  they  look  very  broad  and 
thick,  and  the  coecal  appendages  are  convoluted.  The  germ-pre- 
paring sexual  organs,  the  testicles  and  ovaria,  make  their  appear- 
ance as  deUcate  striae  on  the  inner  sides  of  the  corpora  Wolffi- 
ana "'. 

§  59. — ^The  metamorphoses  of  the  mucous  layer  of  the  germinal 
membrane  begin,  during  this  period,  with  the  formation  of  the 
intestinal  canaL  Aft^er  the  mucous  layer,  above  the  involucrum 
capitis,  has  struck  in  under  the  head,  and  formed  the  anterior 
access  to  the  intestinal  canal, — aditus  anterior  ad  intestinum  (Baer), 
fovea  cardiaca  (Wolff),  the  same  layer  also  bends  in  at  the 
opposite  extremity,  over  the  involucrum  caudae  or  caudal  en- 
velope, and  here  forms  the  posterior  access  to  the  intestine, 
aditus  posterior  (Baer),  foveola  inferior  (Wolff) ;  by  the  increased 
curvature  of  the  embryo,  and  the  growth  of  the  ventral  laminae, 
these  depressions  form  funnel-shaped  hollows,  which  terminate, 
in  blind  extremities,  towards  the  head  and  tail.  Almost  simulta- 
neously with  the  formation  of  the  branchial  fissures,  or  perhaps 
a  little  earlier^  the  space  between  the  fore  end  of  the  head  and  the 
heart  grows  thin,  and  the  mouth  and  fauces  break  through,  so 
that  a  free  communication  results  betwixt  the  fovea  cardiaca  and 
the  cavity   of  the  amnion   (fig.   XLV.   JB,  h).    The  intestinum 


'"  Casper  Frederick  Wolff  is  the  discoverer  of  the  bodies  which  have  received 
their  title  after  him.  Vide  his  Diss,  sistens  Theoriam  Generationis,  Halae,  1759. 
Valentiii  has  given  a  very  complete  history  of  their  discovery  and  development, 
--Entwiekekmgsgesekichte,  p.  233. 

^^  Hie  corpora  Wolffiana  are  also  described  at  f^eai  length  by  Miiller,  in  his 
accoont  of  the  formation  of  the  genital  organs  (Bildungsgeschiehte  der  Genita- 
^)f  where  he  has  also  given  the  most  complete  view  we  possess  of  the  develop- 
ment of  the  sexual  organs  of  birds. 
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rectum^  on  the  other  hand,  (the  posterior  funnel-shaped  involution 
of  the  mucous  layer)  continues  longer  closed.  By  the  formation 
of  the  mesenteric  laminae  the  mucous  layer  is  detached  from  the 
ventral  laminae,  and  pushed  downwards  (fig.  XL.  ^, under  e) ;  as 
soon  as  the  mesenteric  laminae  have  coalesced,  the  mucous  layer 
also  converges  from  both  sides  under  the  mesentery,  and  where  it 
is  accompanied  by  the  prolongations  of  the  vascular  lamina,  which 
proceed  from  the  mesenteric  laminae,  two  new  laminae  present  them- 
selves, the  inleatinal  lamiruB, — ^laminae  intestinales,  which  run  per- 
pendicularly downwards  (fig.  XLV.  A,  under  A),  and  the  mucous 
layer  being  thus  bent  inwards  in  a  canalicular  manner,  forms  the  m- 
testinal  clrft, — ^an  open  canal  in  communication  with  the  yolk,  run- 
ning forwards  funnel-shaped  towards  the  faucial  cavity,  and  back- 
wards in  the  same  manner  to  the  rectum.  At  the  beginning  of  the 
fourth  day,  the  intestinal  cleft  has  contracted,  and  exhibits  but  a 
very  smaU  opening,  which,  extending  soon  after  into  a  canal  or  sac 
(fig.  XLIII.  ky  I)  passes  over  the  peripheral  mucous  layer  as  the 
intestinal  canal  (fig.  XLV.  By  n),  and  throws  itself  completely 
around  the  yolk.  The  oral  and  faucial  cavity  gapes  widely,  and 
extends  into  a  narrower  part  or  canal,  the  oesophagus,  from  which^ 
inferiorly  and  posteriorly,  a  diverticular  saccidus  sprouts  (fig.  XLV. 
By  i),  the  first  rudimentary  appearance  of  the  lungs;  a  little 
farther  on,  an  elongated  enlargement  of  the  intestine  is  perceived, 
which  indicates  the  situation  of  the  future  stomach  (fig.  XLV.  k) ; 
the  intestine  then  expands,  and  goes  off  funnel-shaped  towards  the 
yolk  (fig.  XLV.  n,  and  in  a  later  form,  fig.  XLIII.  k,  I),  and  in 
like  manner  towards  the  rectum,  which  still  terminates  in  a  blind 
sac;  the  limits  between  the  small  and  large  intestines  are  in- 
dicated by  the  evolution  of  a  couple  of  diverticula, — the  a^a 
cceca,  towards  the  end  of  the  third  day.  About  the  middle  of  the 
third  day,  various  other  parts  are  indicated  in  connexion  with  the 
intestinal  canal,  which  enlarges  in  the  places  where  these  are  to 
appear,  and  sprouts  out  towards  or  into  the  vascular  layer;  thus^ 
two  little  hollow  off-sets  show  themselves  as  the  rudiments  of  the 
liver  J  in  which  a  venous  net-work  by  and  by  appears,  that  resolves 
itself  into  the  portal  system.  At  the  beginning  of  the  fourth  day^ 
the  two  lobes  of  the  liver  appear  as  lappets  of  some  breadth  (fig. 
XLIII.  i),  in  which  the  composition,  by  means  of  an  aggregation 
of  blind  sacs,  is  apparent  somewhat  later ;  another  small  off-set  or 
hunch  also  shows  itself  in  the  vascular  layer,  between  the  lobes  of 
the  liver ;  this  is  the  pancreas  about  to  be ;  it  grows  slowly,  but,  on 
the  fifth  day,  when  the  convolutions  of  the  small  intestine  begin  to 
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be  formed^  it  has  enlarged  considerably ;  at  this  time^  the  ^leen 
also  makes  its  appearance  as  a  small  red  body.  The  pulmonic  sac 
divides,  and  becomes  more  distinct,  from  the  oesophagus  appearing^ 
first  pinched  off  from  that  part,  and  then  provided  with  a  pedide^ 
— ^the  future  trachea ;  on  the  fiflh  or  sixth  day,  the  lung  of  the  one 
side  is  completely  distinct  from  that  of  the  other,  and  each  is 
attached  to  the  common  pedicle  by  a  particular  branch,  the  fiiture 
broncM;  the  pedicle  has  farther  extended,  as  the  trwdc  of  the 
trachea. 

In  the  course  of  the  first  half  of  the  third  day,  a  small  vesicular* 
looking  protuberance  arises  from  the.  intestinum  rectum  (fig.  XLI.  n) ; 
this  proves  to  be  the  aUantois^  which  grows  into  the  caudal  iuTO- 
lucrum,  and  distends  it.  The  allantois  is  covered  externally  with  a 
stratum  of  the  vascular  layer  (fig.  XLV.  B,e,d,)  which  it  carries  with 
it  in  its  growth.  The  growth  of  this  part  is  very  rapid  m  the  course 
of  the  fourth  day  (fig.  XLIII.  XLV II.  n,)  forcing  its  way  through 
the  caudal  involucre,  and  the  part  by  which  it  is  attached  being 
drawn  out  into  a  hollow  pedicle.  The  external  covering  from  the 
vascular  layer  shows  ramifications  of  the  aorta,  which  form  a 
beautiful  vascular  rete.  On  the  fifth  day,  the  allantois  presents 
itself  as  a  large  pedunculated  bladder  protruding  from  the  umbi- 
licus (fig.  XLVI.  b)f  which,  bending  to  the  right,  has  penetrated 
between  the  mesenteric  and  ventral  lamina,  and  lies  betwixt  the 
amnion  and  the  serous  envelope.  At  this  time,  the  allantois  is 
nearly  as  lai^ge  as  the  entire  embryo  (fig.  XLVI.),  being  almost 
five  Unes  in  diameter  ^^, 

§  60.  TTnrd  period  in  the  history  of  the  development  of  the  incubated 
Egg :  From  the  commencement  of  the  circulation  in  the  allantois  to 
the  exclusion  of  (he  Embryo. 

The  third  and  last  period  comprises  the  interval  from  the  sixth 
to  the  twenty-first  day.  The  two  first  days,  however,  compre- 
hend almost  all  of  general  physiological  interest  which  happens  in 
this  period,  so  that  a  shorter  review  of  the  grand  features  of  the 
changes  which  take  place  in  the  embryo  and  ovum  through  its 
course  will  be  sufiicient.     If  the  egg  be  opened  at  the  beginning 

^^  According  to  Rathke,  the  lungs  are  evolved  from  the  first  as  a  pair;  he 
describes  them,  on  the  fourth  day  of  the  incubation,  as  two  small,  laterally  com- 
pressed, thin  laminae,  tapering  off  from  before  backwards,  and  ending  in  a  blunt 
pointy  which  spring  from  the  oesophagus ;  see  his  paper  on  the  development  of 
the  respiratory  system  in  birds  and  the  mammalia  {JJther  die  Enttoickeltmg  der 
AthemwerJtzeuge,  Sfc ,  in  Nov.  Act.  Acad.  Nat,  Cur,  vol.  xiv.  p.  170.)  Baer  also 
speaks  of  the  lungs  as  originating  in  two  hollow  sacculi,  which  lengthen  with 
rapidity  into  a  hollow  peduncle,  Entwickebinffsgeschichte,  ii.  126. 
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of  this  period,  it  must  be  done  with  great  care,  as  the  albumen 
has  now  entirely  disappeared,  and  the  embryo  lies  close  to  the 
membrane  of  the  shell;  the  vitellary  membrane  has  become  ex- 
ceedingly thin,  is  very  easily  torn,  and  indeed  ia  soon  resolved  en- 
tirely; Uie  air-space  at  the  blunt  end  of  the  egg  has  greatly 
increased  in  size.  The  germinal  membrane  now  extends  over  the 
whole  of  the  yolk ;  or  the  mucous  layer  of  this  part  has  almost 
entirely  grown  around,  and  so  given  origin  to  a  sac-like  covering, 
the  vUellary  gae  {vitelliculum,  or  vitellicle,  Owen),  which  encloses 
the  yolk ;  the  vascular  layer  has  grown  around  nearly  two-thirds 
of  the  yolk.  The  sinus  terminalia  of  this  layer  is  now  a  mere 
seam  in  the  periphery  of  the  area  vasculosa,  and  in  the  coiurse  of 
the  next  few  days  disappears  entirely;  the  veins,  and  then  the 
arteries  of  the  vascular  layer  of  the  vitellary  membrane  disappear 
somewhat  later.  On  the  other  hand,  the  aUantois  is  growing  with 
great  rapidity,  and,  on  the  sixth  day,  forms  a  pretty  large  flattened 
bladder  (fig.  LI.)  which,  however,  in  the  course  of  the  seventh 
Fio.  LI. 


Fig.  LI.— Embryo  of  the  fowl  with  the  atlui- 
tois,  a,  already  of  great  nn,  and  deprasaed  or 
flattened,  the  umbilical  veaselH,  b,  branching 
over  it ;  c,  exteinBl  ear  indicated  by  a  depres- 
■ion  [  d,  cerebelliim ;  t,  corpora  quadrigemina ; 
/,  hemuphcres. 


Fig.  LII.— Embryo  of  the  jackdaw 
(comu  coroM)  nearly  fourlinea  in  length, 
drawn  under  the  simple  lena,  the  amni. 
on,  a,  a,  Burrounda  it  closely  on  every 
side ;  the  allantois,  b,  protrudes  from  the 
abdominal  sulcus;  the  extremities  are 
visible  as  simple  lamellie ;  numerous  seg- 
ments of  the  vertebra  and  the  several 
cerebral  cells  are  conspicuous  (vide  figs. 
XLF.  XLtl.  &c.) ;  behiud  the  corpora 
quadiigeminai  appears  the  cerebellum, 
and  then  the  depression  for  the  fourth 
ventricle ;  the  ear  is  seen  as  a  pedicu- 
lated  vesicle,  c,  springing  from  the  me- 
dulla oblongata ;  under  it  lie  the  biancb- 
ia]  arches  and  fissures ;  d  is  the  eye ;  e, 
the  nasal  foasa,  behind  which  the  heart  is 
percdved. 
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day,  acquires  nearly  twice  ite  former  wze,  and  inclines  bo  much  to 
the  right  side,  that  with  the  amnion,  it  covers  the  embyro  com- 
pletely, and  comes  in  contact  superiorly  by  means  of  its  most 
vascular  side  with  the  serous  envelope,  which  is  coneequently 
now  completely  separated  from  the  amnion,  to  the  formation  of 
which  it  had  in  the  first  instance  contrihuted.  After  the  rup- 
ture of  the  vitellaiy  membrane,  all  that  remiuns  of  the  albumen 
collects  at  the  sharp  end  of  the  egg,  and  is  now  much  more  con- 
sistent ;  the  yolk,  on  the  contrary,  has  become  much  thinner  and 
more  diffluent,  and  the  number  of  its  globules  has  very  greatly 
diminished;  the  embryo  lies  more  towards  the  blunt  pole  of  the 
egg,  and  on  the  sixth  day,  after  breaking  open  the  shell,  the  first 


Fig.  LIll. — An  enbryo 
similar  to  the  last,  but  some- 
what further  advanced.  The 
references  are  the  same  as 
infig.LII. 


Rr.  UV.— Chick  with  part  o!  the  yolk  o,  a, 
which  coromunicatea  by  means  of  the  delicate 
yiieUo-inteatinal  duct,  with  the  noose  of  the  je- 
junum b,  which  at  this  time  lies  within  the  funis 
umbilicalis ;  c,  c,  vasa  lutea.  B,  separate  yiews 
of  the  anterior  extremity,  which  shows  a  distinct 
divisioD  into  three  digits,  and  of  the  posterior 
extremity,  which  shows  traces  of  four  digits. 
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appearanceB  of  motion  are  observed  in  slight  twitchings  of  the  ex- 
tremities '". 

§  61.  The  most  remarkahle  metamorphoses  of  the  individual 
oi^ans  on  the  sixth  and  seventh  days  are  the  following :  the  spinous 
processes  are  now  formed  on  the  vertebral  arches ;  the  rudimmts 
of  the  ribs  become  more  conspicuous ;  the  immediate  t^ument  of 
the  brain  and  spinal  cord  is  perceived  to  be  composed  of  two 
layers;  the  largely  developed  corpora  quadrigemina  seem  to  ad- 
vance with  less  rapidity  of  growth  towards  the  end  of  the  seventh 
day,  and  the  hemispheres  soon  equal  them  in  size  (fig.  LV,  c,  c, 
d,  d) ;  the  fornix  is  evolved  over  the  still  open  third  ventricle ;  the 
corpora  striata  and  thalami  become  conspicuous ;  the  optic  nerves, 
distinct  from  one  another  at  first,  now  become  connected  iu  the 
chiasma;  the  infiindibulimi  is  still  deep  and  wide;  the  pituitaiy 
body  appears;  the  cerebellum  is  formed;  but  the  fourth  ventricle 
IB  still  widely  open,  and  passes  over  into  a  deep  posterior  furrow  of 
the  spinal  cord.  The  eye  is  developed  in  every  part,  and  is  very 
large ;  the  external  opening  of  the  ear  is  conspicuous,  and  in  con- 
nexion with  the  auditory  vesicle  the  semicircular  canals  and 
cochlea  are  formed  ;  the  nasal  depression  has  lengthened  downwards 
into  a  nasal  passage,  which  runs  between  the  superior  maxillary 
bone  and  the  frontal  process,  the  opposite  halves  of  which  have 
now  become  united.  In  the  extremities,  the  arm  and  thigh,  both 
extremely  short,  can  be  distinguished ;  in  the  hand  the  rudiments 
of  the  three  digits,  and  in  the  foot  those  of  the  four  toes,  can  be 
made  out  (fig.  LIV.  B).  The  amnion  is  more  and  more  dis- 
tended, and  at  the  umbilicus  is  brought  more  together,  so  that  it 

"*  The  whole  of  this  perioil  is  so  well  describeil  by  Baer,  and  bit  obaerruiona 
and  my  own  agree  so  completely,  that  I  have  had  little  to  do  but  to  follow  bim  in 
the  preceding  paragraph. 


Kg.  LV. — An  embryo  somewhat  older  than  that 
reprewnted  in  fig.  LI.  surrounded  by  the  amnion 
a«  an  ample  veaiclB :  a,  the  amnion ;  the  tyta,  b,  b, 
are  very  large ;  c,  e,  the  corpora  quadrigemina,  now 
acarcely  larger  than  the  hemiBpheres,  d,di  the  «pace 
between  them  ia  the  third  ventricle. 
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becomeB  drawn  out  into  an  umbilical  cord,  in  which  lie  the 
peduncle  of  the  allantois  and  a  noose  of  the  intestine  (fig.  LIY. 
Ay  b)  I  the  neck  advances  in  its  evolution,  and  the  lower  jaw  bones 
are  elongated  and  assume  the  fashion  of  a  beak.  The  hearfc  ac- 
quires the  form  it  possesses  in  after*life,  the  several  parts  having 
approximated  and  become  more  closely  conjoined :  the  auricles  are 
divided,  and  cover  the  ventricles,  which  can  now  even  firom  with- 
out be  perceived  to  be  double ;  the  aortal  bulb  at  the  same  time 
appears  produced  from  both  ventricles  in  an  arched  form,  arising 
directly  over  the  septum,  and  being  divided  into  two  canals,  the 
separation  between  which  becomes  visible  outwardly  on  the  seventh 
day;  the  pericardium  is  formed.  From  the  aorta  there  now  arise 
but  two  vascular  arches  on  either  side,  and  to  the  ri^t  a  middle 
third  arch ;  this  and  the  two  anterior  arches  are  the  later  chief 
divirions  of  the  aorta,  and  are  filled  by  the  stream  of  blood  trans- 
mitted from  the  left  ventricle ;  the  two  posterior  arches  are  supplied 
on  the  seventh  day  with  blood  exclusively  from  the  right  ventricle 
of  the  heart,  and  are  the  future  pulmonary  arteries ;  the  arches  all 
terminate  in  the  descending  aorta.  The  Wolffian  bodies,  and  the 
formations  that  take  place  upon  or  in  connexion  with  them,  have 
many  remarkable  relations  during  this  period.  The  shut  sacs  of 
which  they  are  composed  become  longer  and  more  tortuous ;  they 
evidently  secrete,  and  with  their  elongated  common  ducts,  to  which 
they  look  as  if  they  were  attached,  terminate  in  the  cloaca ;  be- 
twixt their  component  shut  sacs  numbers  of  small  points,  which 
consist  of  little  convoluted  hanks  of  vessels,  in  every  particular 
like  the  Malpighian  bodies  of  the  kidney,  may  be  observed.  The 
kidneys  show  themselves  behind  and  above  the  Wolffian  bodies  on 
either  side  of  the  spinal  column ;  at  first  they  are  lobulated  greyish 
masses,  which  sprout  by  the  outer  edges  of  the  Wolffian  bodies ; 
this  is  plainly  to  be  seen  on  the  sixth  day,  perhaps  even  sooner; 
the  ureters  are  formed  afterwards  as  their  especial  excretory  ducts. 
The  kidneys  arise  as  independent  formations ;  and,  independently 
of  them,  the  capsulse  suprarenales  are  evolved  on  their  upper  or 
anterior  edge.  The  reproductive  organs,  which  had  appeared  as 
little  marginal  lappets,  now  form  two  longish-shaped  white  bodies, 
and  lie  behind  the  suprarenal  capsules,  at  some  Uttle  distance  firom 
these,  on  the  inner  edge  of  the  Wolffian  body ;  they  are  still  of 
like  size,  and  it  is  impossible  to  distinguish  whether  testicles  or 
ovaria  will  be  produced ;  so  that  of  all  the  principal  organs  the 
genital  are  those  that  are  the  latest  recognizable  in  their  rudiments, 
and  distinguishable  in  their  future  special  forms.    The  vessels  of 
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the  allantx)is  are  developed  with  great  vigour;  two  arteries  arise 
from  the  aorta^  and  a  large  vein  runs  on  the  under  edge  of  the 
liver  to  the  vena  cava,  along  with  the  hepatic  vein.  The  vessels  of 
the  allantois  become  the  umbilical  vessels. 

The  alterations  that  transpire  in  the  mucous  layer  are  of  less 
moment :  the  organs  already  formed  increase  in  size ;  the  faucial 
cavity  is  elongated  as  the  oral  cavity  in  the  bill-shaped  maxillae; 
the  oesophagus  extends ;  the  division  into  crop  and  muscular  sto- 
mach is  distinguishable ;  behind  the  loop  for  the  duodenum,  and 
which  encloses  the  pancreas,  the  jejunum  forms  a  noose  of  the 
same  length  and  tenuity,  which  lies  completely  out  of  the  abdomen 
within  the  lunbilical  cord,  where,  by  means  of  a  delicate  short 
conduit,  it  communicates  with  the  vitellicle  or  yolk-sac, — ^the  ductus 
vitellO'intestinalis  (fig.  LI V.  A^  a) .  The  liver  is  large  and  gorged  with 
blood;  the  trachea  and  lungs  are  entirely  separated  from  the  oeso- 
phagus ;  the  larynx  makes  its  appearance  as  a  smaU  enlargement 
upon  the  trachea  "•. 

§  62.  The  principal  changes  fix)m  the  ninth  to  the  eleventh  day 
are  as  follow :  the  hemispheres  of  the  brain  enlarge  greatly,  at  the 
cost,  apparently,  of  the  corpora  quadrigemina,  and  span  the  third 
ventricle  posteriorly ;  the  cerebellum  increases,  particularly  in  its 
middle  or  vermiform  portion,  by  which  the  fourth  ventricle  is  now 
completely  hidden;  in  the  spinal  cord  the  enlargements  corre- 
sponding to  the  two  pairs  of  extremities,  become  more  conspicuous ; 
the  fibrous  structure  of  the  brain  and  spinal  cord  is  apparent ;  the 
eyes  proceed  in  their  development,  and  attain  still  more  colossal 
relative  dimensions ;  the  eye-lids  appear  as  a  circular-shaped  fold 
of  the  skin ;  the  external  organ  of  hearing  increases  in  width  and 
depth.  The  bulbs  of  the  feathers  become  apparent  in  certain  dis- 
tricts, first  along  the  middle  line  of  the  back,  upon  the  haunches, 
and  over  the  rump ;  the  joints  of  the  extremities  are  more  solidly 
and  distinctly  evolved;  the  muscular  parts  are  very  apparent,  and 
separated  into  bundles  under  the  skin ;  the  nerves  are  more  con- 
spicuous, and  the  motions  of  the  embryo  are  stronger ;  the  neck 
lengthens  greatly.  In  the  heart  the  external  separation  of  the 
bulbus  aortae  into  two  distinct  canals  follows ;  the  vessel  proceeding 
from  the  lefl  ventricle  gives  off  larger  carotids  fjrom  its  anterior 
arch ;  on  these  appear  the  little  thyroid  bodies.    These  two  aortal 


^^  The  observations  of  Miiller  on  the  formation  of  the  genital  organs  and 
corpora  Wolffiana,  agree  with  my  own  in  every  respect.  On  the  same  subject 
see  Baer,  1.  c. 
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arches  {irunci  anonymij  represent  the  earlier  third  branchial 
vascular  arch ;  the  asymmetrical  vascular  arch  that  appears  behind 
them^  on  the  right  side,  is  the  future  aorta  descendens.  From  the 
stem  arising  out  of  the  right  ventricle  proceed  the  two  most  posterior 
(the  earlier  fifth)  of  the  branchial  vascular  arches;  they  do  not 
yet  give  off  any  pulmonary  branches,  and  still  terminate  posteriorly 
in  the  aorta ;  at  a  later  period  they  become  the  proper  pulmonary 
arteries.  The  corpora  Wolffiana  become  shorter,  and  smaller 
every  way,  and  their  excretory  duct  longer ;  the  kidneys  increase 
in  size.  The  germ>preparing  sexual  organs  begin  about  this  time 
to  differ  manifestly  in  their  form :  the  testicles  become  elongated, 
cylindrical,  and  continue  of  equal  size  ;  the  ovaries  remain  flat- 
tened, grow  unequally,  the  right  first  ceasing  to  make  any  pro- 
gress and  then  disappearing,  the  left  enlarging  proportionally  with 
the  other  parts.  The  oviducts  are  distinct,  but  the  right,  like  the 
ovary  to  which  it  corresponds,  is  arrested  in  its  development.  The 
gall-bladder  becomes  conspicuous  as  a  diverticulum  of  the  biliary 
duct.  The  bursa  Fabricii  emerges  from  the  cloaca ;  the  allantois 
grows  still  more  over  the  embryo.  The  vessels  on  the  vitellary 
membrane,  especially  on  its  under  surface,  are  numerous  and 
large ;  the  veins  are  turgid  and  tortuous  (flg.  LIV.  A^  c),  and  ap- 
pear stained  of  a  yellow  colour,  whence  they  are  often  called  vasa 
hUea. 

§  63.  It  is  in  the  course  of  the  last  days  of  the  second  week 
that  the  epidermic  formations  are  produced,— the  feather  bulbs, 
the  nails,  and  the  scaly  coverings  of  the  feet ;  ossification  also 
b^ins  in  many  bones,  the  muscular  parts  get  stronger,  the  eyelids 
are  well  formed,  and  in  the  ear  the  tympanum  has  appeared.  The 
Wolffian  bodies  are  ever  shorter  and  smaller ;  the  testes  acquire 
their  excretory  ducts ;  the  left  ovary  is  conspicuous,  and  the  cor- 
responding oviduct  is  hollow,  whilst  the  same  parts  on  the  right 
side  have  shrunk  entirely.  The  intestine  makes  several  turns  out- 
side of  the  umbilicus,  and  continues  in  commimication  with  the 
vitellary  sac  by  means  of  the  vitellary  duct ;  upon  the  inner  sur- 
face of  the  vitellary  sac,  and  over  the  tortuous  veins,  membranous 
productions — ^puckered  or  wrinkled  folds — ^make  their  appearance ; 
and  at  the  same  time  similar  formations  occur  upon  the  mucous 
membrane  of  the  intestine.  The  allantois  has  now  grown  com- 
pletely around  the  embryo,  so  that  the  ovum — ^the  vitellary  sac, 
the  remaining  albumen,  &c.  included — ^is  completely  enveloped 
anew  as  it  were,  and  will  now  retain  its  form  even  after  the  shell 
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is  removed  (fig.  LVI.  b ;  from  the  Kestril, — Falco  timmnculus) ; 
the  serous  covering  disappears. 

§  64.  In  the  beginning  of  the  third,  week,  the  embryo,  strait- 
ened for  room,  from  the  transverse  axis  of  the  egg  comes  more  and 
more  into  the  long  axis,  which  it  finally  fills ;  the  head  is  turned 
towards  the  breast,  and  mostly  lies  under  the  right  wing;  the 
allantois  has  inclosed  the  whole  embryo  and  viteUary  sac,  uid 
having  contracted  adhesions  with  itself  forms  an  uninterrupted 
cyst  or  envelope  for  the  entire  contents  of  the  egg,  being  every- 
where in  immediate  contact  with  the  membrane  of  the  shell,  from 
which  it  must  be  peeled  when  they  are  separated ;  in  the  interior 
of  the  allantois,  white  flocculent  precipitates  from  the  urine  occur, 
«nd  these  accumulate  at  length  to  such  an  extent  that  they  con- 
ceal the  embryo  in  a  greater  or  less  degree.    The  allantois,  as  the 


Fio.  LVI. 

Fig  LVI.— Embryo  of  the 
Fidco  tutnuncidus,  much  farther 
advanced  than  that  of  the  fig. 
LV.  It  is  represented  in- 
closed in  its  membranes,  and  of 
the  natural  size,  but  being  re- 
moved from  the  shell,  its  weight 
has  caused  it  to  spread,  and  to 
look  longer  than  it  is  in  fsuct. 
The  embr}'o  of  this  falcon,  by 
reason  of  the  transparency  of 
the  membranes,  is  peculiarly 
fitted  to  serve  for  the  demonstra- 
tion of  the  relative  position  of 
the  several  parts :  a,  the  embryo 
'  shining  through  the  membranes; 
/,/,  the  eyes,  of  great  size,  seen  from  above ;  b,  b,  the  allantois,  has  grown  com- 
pletely around  the  embryo,  and  so  forms  a  perfect  envelope,  the  chorion,  whose 
principal  vascular  branches  are  perceived ;  e,  c,  the  amnion ;  d,  d,  the  yolk-sac ; 
e,  the  albumen ;  f,  the  coccyx,  with  the  feathers  beginning  to  sprout. 

Fio.  LVII. 


I 


Fig.  LVII. — Magnified  view  of  the  embryo  of  the 
Lacerta  agiUs,  two  and  a  half  lines  in  length,  for  contrast 
with  the  other  embryos  figured :  a,  corpora  quadrigemina ; 
b,  cleft  of  the  eye;  c,  olfactory  depression ;  d,  branchial 
fissures  already  disappearing;  e, anterior  extremity;/^ 
hinder  extremity ;  g,  tail 
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complete  foetal  envelope^  is  entitled  the  chorion.  In  the  brain, 
the  corpora  quadrigemina,  which  have  remained  very  much  behind 
in  development,  are  thrown  backwarda  under  the  hemispheres; 
the  pineal  gland  and  cerebeUum  increase ;  the  ktter  becomes 
marked  with  deep  scissiu-es.  Over  the  eye,  the  eyelids  grow  till  they 
meet,  but  without  uniting ;  the  iris  advances,  the  cornea  rises,  the 
lenticular  prominence  remains,  whilst  the  lens  recedes,  and  so  the 
anterior  chamber,  which  had  hitherto  been  wanting,  is  produced ; 
there  is  no  appearance  of  pupillary  membrane.  In  the  ear,  the 
labyrinth  becomes  osseous  at  the  beginning  of  the  third  week.  In 
the  heart,  the  valvular  system  is  evolved ;  the  anterior  arteries  are 
detached  more  and  more  from  the  descending  aorta,  and  disappear 
altogether  towards  the  end  of  the  period ;  the  pulmonary  arteries 
become  much  larger,  and  their  terminations  in  the  aorta  have  con- 
tracted and  become  mere  anastomosing  channels — ductus  arleriosi. 
The  kidneys  grow  rapidly.  The  corpora  Wolffiana  shrink  continu- 
ally, but  in  male  embryos  they  may  still  be  detected  as  rudiments 
near  the  testes,  even  after  the  epoch  of  fcetal  life  is  over.  The 
right  ovary,  as  has  been  stated,  is  arrested  in  its  growth,  and  is 
soon  after  birth  completely  absorbed ;  the  right  oviduct  also  dis- 
appears, although  a  trace  of  it  may  be  discovered  in  some  birds  at 
eveiy  period  of  their  life.  From  the  testes  delicate  vasa  efferentia 
are  developed,  which,  afi;er  passing  through  the  Wolffian  bodies, 
unite  into  a  filiform  vas  deferens,  which  in  its  turn  is  evolved  out 
of,  or,  more  corr^tly,  in  the  excretory  duct  of  the  Wolffian  body. 
Tlie  vitellary  sac  shrinks  more  and  more,  its  contents  diminishing 
in  quantity  and  becoming  still  more  consistent.  It  is  drawn  into 
deep  sacculated  compartments  by  the  main  trunks  of  the  umbilical 
vessels ;  the  albumen  and  amniotic  fluid  are  lessening  continually 
in  quantity.  The  tegumentary  umbilicus  is  still  freely  open  at 
the  beginning  of  the  last  week ;  and  with  the  advancing  growth  of 
Uie  intestinal  canal,  a  greater  number  of  convolutions  of  the  bowel 
pass  out  of  the  abdominal  cavity;  on  the  nineteenth  day  the  pro- 
lapsed intestine  returns  in  some  degree  into  the  abdomen  again, 
and  draws  the  yolk,  with  which  it  is  still  in  uninterrupted  con- 
nexion by  means  of  the  very  considerable  vitellary  duct,  along 
with  it  into  the  belly,  upon  which  the  mucous  and  vascular  layers 
of  the  vitellary  sac  follow,  whilst  the  serous  layer  increases,  be- 
comes thicker,  and  detaches  itself  from  both  the  other  layers. 
The  whole  vitellary  sac  is  not  thus  taken  up  into  the  abdomen, 
only  a  part  of  it  enters,  and  this  expands  in  the  cavity,  whilst  the 
part  that  is  excluded  is  cut  off  by  the  contracting  umbilical  ring. 

12 
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The  vitellary  duct  is  of  considerable  width  and  arises  funnel-shaped 
from  the  intestine ;  long  after  birth  there  is  still  a  little  diverti- 
culum of  the  jejunum  to  be  discovered  in  its  former  situation ;  nay^ 
in  some  birds  this  diverticulum  continues  through  life  as  a  normal 
feature  in  their  structure.  The  communication  with  the  vitellus 
is  at  length  obliterated,  becoming  a  mere  thread,  on  which  a  yellow 
knot,  the  last  remains  of  the  yolk,  may  not  unfrequently  be  ob- 
served "*. 

^'^  There  are  two  remarkable  points  in  the  above  paragraph,  which  well  deserve 
more  particular  consideration,  from  the  light  they  are  calculated  to  throw  on  the 
history  of  malformations  from  arrest  of  development :  these  are  the  deficiency  in 
the  right  ovary  and  oviduct,  and  the  persistence  of  the  vitellary  diverticulum  in 
certain  cases.  I  instituted  researches  upon  these  points  in  a  considerable  num- 
ber of  birds  in  my  ContrUnttions  to  the  Anatomy  of  Birds,  contained  in  the 
Abhandbmgen  der  Academie  zu  Munchen,  II.  273  (1837).  Later  inquiries  have 
only  confirmed  and  extended  the  facts  and  views  there  announced.  Notice  of  a 
few  of  the  facts  will  suffice  in  this  place.  In  all  birds  the  rudiments  of  two 
ovaries  and  oviducts,  symmetrical  and  of  a  size,  are  evolved ;  the  degeneration 
and  absorption  of  those  on  the  right  side  occur  among  the  several  orders  at  dif- 
ferent times,  earliest  among  the  passeres,  the  grallse  and  palmipedes,  and  always 
during  the  fcetal  period ;  later,  and  some  time,  longer  or  shorter,  after  birth, 
among  the  rapaces ;  here,  indeed,  it  happens  not  unfrequently  that  the  right 
ovary,  in  point  of  structure  duly  developed,  and  even  containing  true  primary 
ova,  which,  however,  do  not  seem  susceptible  of  fecundation,  exists  through 
life ;  I  have  detected  such  a  rudimentary  formation  at  every  period  of  life  in 
many  of  the  Falconidse — in  the  buzzards  particularly,  and  in  the  falco  gypaetus, 
likewise  in  many  owls,  and  among  the  parrots ;  Nitsch  also  discovered  it  in  the 
eagles  (I  failed  to  find  it  in  pandion,  at  least).  In  the  Falco  paJumbarhts,  F. 
ntmw,  F.  aruffinosus,  &c.  the  right  ovary  is  regularly  developed,  and  produces 
vitelli  as  proper  for  fecundation,  apparently,  as  those  of  the  left ;  of  the  right 
oviduct,  however,  either  no  trace,  or  a  mere  rudiment  only,  can  be  found.  In 
those  falcons  even  in  which  at  a  later  period  neither  ovary  nor  oviduct  occurs  on 
the  right  side,  their  rudiments  may  still  be  found  long  after  the  foetal  period  is 
at  an  end ;  in  the  half-fledged  and  fully-fledged  nestling,  they  will  usually  be 
observed  of  about  half  the  size  of  the  corresponding  parts  on  the  left  side. 
About  this  time  the  ovula  become  visible  in  the  left  ovary  as  dark  masses,  but 
not  in  the  right,  where  the  formative  power  is  extinct,  and  no  histological  change 
occurs.  The  relations  between  the  jejunal  diverticulum,  as  the  remains  and 
representative  of  the  ductus  vitello-intestinalis,  have  a  similar  though  opposite 
character.  This  part  usually  disappears  in  the  rapacious,  climbing,  and  singing 
birds,  within  a  few  days  after  birth,  and  seldom  continues  longer  recognizable ; 
it  remains  somewhat  longer  in  many  of  the  gallinacese,  grallie,  and  palmipedes ; 
in  the  herons  it  is  sometimes  present,  sometimes  absent,  and  varies  greatly  in 
length,  capacity,  and  form,  in  different  individuals, — it  occurs  of  one  line  and 
three  lines  in  length.  In  many  marsh  and  water-birds,  as  in  the  coot  family,  in  ihe 
goose,  but  particulariy  in  the  Numeniadse,  this  part  continues  to  grow  even  slter 
birth,  attains  to  half  an  inch  or  an  inch  in  length,  communicates  freely  with  the 
intestine,  and  continues  through  life  as  a  normal  delicate  coecal  appendage;  it 
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§65.    Birth  of  the  Chick. 

Two  days  before  its  exclusion^  the  chick  may  occasionally  be 
heard  chirping  feebly  within  the  shelly  for  the  chorion  (the  allan- 
tois)  is  readily  torn  by  the  point  of  the  beak,  which  then  comes 
into  contact  with  the  air  contained  in  the  air-chamber ;  along  with 
the  imperfect  respiration  that  now  goes  on,  the  circulation  through 
the  umbilical  vessels  proceeds  unimpeded.  The  violent  motions 
of  the  chick  occasion  cracks  in  the  shell ;  the  beak  assists,  and 
holes  are  produced.  The  bill,  so  soft  in  all  other  parts,  is  fur- 
nished at  this  period  with  a  very  remarkable,  hard,  horny  process 
near  its  point,  evidently  to  enable  the  young  creature  to  break 
through  the  shell,  for  the  process  in  question  falls  off  very  shortly 
after  the  escape  of  the  bird.  The  labour  of  getting  free  from  the 
shell  generally  lasts  half-a-day ;  at  length  the  upper  part  is  raised, 
the  chick  pushes  out  its  feet,  draws  its  head  from  under  its  wing, 
and  erecting  itself  quits  the  shell  completely.  The  remainders  of 
the  chorion  and  amnion,  which,  with  the  closure  of  the  umbilicus, 
could  no  longer  be  nourished^  shrivel,  fall  o%  and  are  left  behind 
in  the  shell  *". 

§  66.    Physical  and  Chemical  changes  in  the  Egg  during  Incubation. 

Various  physical  and  chemical  changes  take  place  in  the  egg 
during  the  period  of  incubation.  It  loses  weight :  in  the  first 
week,  to  the  extent  of  five  per  cent. ;  in  the  second,  the  amount  is 
thirteen  per  cent. ;  and  in  the  third,  sixteen  per  cent.     So  that  an 

even  presents  determinate  generic  characters  in  regard  to  form  and  size,  precisely 
as  the  ccecal  appendages  of  the  colon ;  in  all  the  Fulicarise,  or  coots,  for  exam- 
ple, it  is  very  long,  but  delicate  and  narrow ;  it  is  more  funnel-shaped  in  Nume- 
nius.  With  regard  to  the  metamorphosis  of  the  excretory  canal  of  the  Wolffian 
body  into  the  vas  deferens,  the  question  may  be  found  discussed  in  Miiller  (1.  c. 
p.  32),  who  maintains,  in  opposition  to  Rathke,  that  the  vas  deferens  is  no  new 
production,  but  a  simple  transformation  of  the  excretory  canal  of  the  Wolffian 
body.  To  me,  however,  it  appears  that  the  vas  deferens  does  arise  as  a  solid 
thread  io  or  upon  the  excretory  duct  of  the  body  in  question,  a  view  in  which 
Rathke  seems  now  to  participate.  Vide  in  Burdach's  Pkysiologie,  ii.  The  deci- 
sion of  this  point  is  of  importance,  as  bearing  upon  the  entire  subject  of  develop- 
ment ;  and  in  reference  to  the  question,  as  to  now  far  new  formations  are  to  be 
regarded  as  transformations  of  pre-existing  organs,  or  as  arising  severally  and 
independently.     On  this  point,  vide  the  General  Physiology,  book  iv. 

^'  Baer  has  given  a  very  detailed  account  of  all  that  transpires  shortly  before 
the  exclusion.— Hiff/ory  qf  Development,  i.  137. 
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incubated  egg,  with  an  embryo  ready  to  emerge  from  it,  is  altoge- 
ther lighter  than  one  that  is  just  laid ;  a  new-laid  egg  sinks  in  water, 
— an  egg  at  the  end  of  the  period  of  incubation  swims.  The  cause  of 
this  loss  of  weight  lies  in  the  evaporation  of  the  watery  part  of  the 
albumen ;  the  same  thing  happens,  though  more  slowly,  in  unin- 
cubated  eggs  from  keeping ;  the  greater  rapidity  of  the  loss  in  the 
incubated  egg  arises  merely  from  the  greater  heat  to  which  it  is 
subjected.  Another  consequence  of  the  evaporation  is  the  forma- 
tion and  rapid  enlargement  of  the  air-space,  which,  as  we  have 
seen  (§  47),  is  first  produced  after  the  egg  is  laid.  It  is  probable 
that  the  evaporation  in  question  is  connected  with  chemical 
changes,  for  the  air  contained  in  the  blunt  end  of  the  egg  is  not 
simple  atmospherical  air,  but  contains  a  larger  proportion  of 
oxygen,  the  amount  varying  between  25  and  27  per  cent.  This 
hyper-oxygenated  air  serves  the  embryo  in  the  process  of  respira- 
tion, or  aeration,  that  is  carried  on  by  the  medium  of  the  allantois ; 
for  eggs  may  be  incubated  to  the  perfect  maturity  of  the  embryo, 
even  without  the  contact  of  the  external  atmospheric  air,  and  may 
be  hatched  alike  well  in  pure  oxygen  and  in  various  irrespirable 
gases ;  for  example,  pure  hydrogen,  nitrogen,  &c.  At  the  begin- 
ning of  the  incubation  the  fluid  albumen  contains  a  small  quantity 
of  oil,  apparently  communicated  to  it  from  the  yolk ;  when  the  in- 
cubation has  advanced  considerably,  the  albumen  loses  almost  the 
whole  of  its  water  and  salts  (§  21) ;  these  seem  to  be  transferred 
to  the  yolk,  which  admits  of  explanation,  for  the  vitellary  sac  bursts 
and  draws  the  albumen,  now  changed  into  a  thick  mass,  into  it. 
By  this  accession  of  matter,  the  yolk  enlarges  during  the  first  half 
of  the  period  of  incubation,  but  becomes  thinner ;  the  incessant 
demand  upon  it,  however,  for  materials  for  the  growth  of  the  em- 
bryo, causes  it  again  to  shrink  and  to  become  more  consistent 
towards  the  end  of  the  period  (§  64).  The  proportion  of  chemical 
elements  of  the  vitellus  and  white  vary  considerably ;  the  quantity 
of  phosphorus  contained  in  the  albumen  lessens,  but  increases  in 
the  yolk,  and  again  appears  in  combination  with  oxygen  and  cal- 
cium as  a  phosphate  of  lime,  which  in  the  period  of  the  ossifica- 
tion is  plentifully  required  for  the  consolidation  of  the  bones ;  as 
the  quantity  of  lime  contained  in  an  egg  at  the  time  it  is  laid  is 
extremely  small  (§  21),  and  becomes  very  lai^e  at  a  subsequent 
period,  the  earth  must  be  acquired  in  some  way  with  which  we  are 
not  at  present  well  acquainted.  As  it  is  not  very  probable  that 
the  lime  is  derived  from  the  shell,  it  may  perhaps  be  produced 
from  other  matters  under  the  influence  of  the  organic  agencies ; 
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the  same  may  be  said  of  the  ux)n^  the  quantity  of  which  increases 
greatly  during  incubation  "'. 


CHAPTER  11. 

Hisiory  of  the  development  of  the  Human  EmbryOy  unih  supplemental^ 
matter  from  the  history  of  the  development  of  Mammalia. 

MATERIALS. 

§  67.  Ever  since  the  restoration  of  the  sciences,  the  most 
distinguished  anatomists  and  physiologists  of  their  times  have 
devoted  themselves  to  the  study  of  the  development  of  the  human 
embryo.  In  the  descriptions  and  representations  which  they  have 
left  us  among  their  writings,  of  preparations  obtained  from  the 

'^  Howeyer  scanty  and  fragmentary  our  knowledge  of  the  very  remarkable 
chemical  changes  undergone  during  incubation,  and  however  much  all  that  has 
been  reported  on  the  matter  wants  confirmation  and  extension,  still  what  we  do 
possess  is  of  exceeding  interest.  It  seems  impossible  to  mention  any  subject  in 
organic  chemistry  which,  carefully  pursued,  promises  more  copious  results  than 
the  study  of  the  alterations  of  Uie  egg  during  incubation.  For  the  particulars 
given  above  we  are  indebted  almost  exclusively  to  Prout. — Vide  PhUos,  Drans, 
1822.  Bischoff  was  the  first  who  discovered  the  fact  of  a  larger  quantity  of  oxygen 
being  contained  in  the  air  of  the  air-cell,  and  the  accuracy  of  the  observation  has 
been  confirmed  by  Dulk.  The  experiments  of  Ehrmann,  first  communicated  in 
the  his,  1818,  p.  122,  showed  that  fecundated  eggs  might  be  incubated  under 
irrespirable  gases.  [For  Dr.  Paris*s  analysis  of  the  air  contained  in  the  air- 
chamber,  see  annot.  1 14,  p.  88.  The  statement  in  the  text,  that  eggs  can  be 
incubated  to  perfection  in  pure  oxygen  and  neutral  irrespirable  gases,  is  certainly 
an  error.  The  experiments  of  Schwann  (contained  in  his  Diss.  De  necessitate 
aeris  atmo^kerici  odEwbUionem  PuiHin  Ovo,  4to.  BeroL  1834,)  have  set  the  ques- 
tion for  ever  at  rest,  and  demonstrated  that  they  can  not.  In  eggs  effectually  ex- 
dnded  from  the  contact  of  atmospheric  air,  no  part  of  the  future  embryo  is  ever 
formed ;  the  trifling  changes  that  actually  take  place  in  the  state  of  the  cicatri- 
cula  and  halones  probably  only  occur  in  virtue  of  the  oxygen  of  the  air-chamber. 
The  law  which  declares  the  contact  of  oxygen  necessary  to  the  life  of  all  that  is 
organized,  is  so  universal,  that  the  experiments  of  single  individuals  ought  never 
to  be  held  as  of  any  weight  against  it.  £hrmann  erred  and  came  to  wrong  con- 
dnaioiis,  from  not  taking  precautions  against  the  penetration  of  the  gases  he 
used  by  the  air  of  the  atmosphere.  Varnishes  of  organic  animal  matters,  such 
as  aUmmen,  gelatin,  &c.  have  no  efifect  in  preventing  this  endosmosis  of  different 
airs ;  and  it  was  from  overlooking  this  fact  that  Mr.  Towne  (fiuy's  Hosp.  Repts. 
voL  iv.)  erred.  Had  he  greased  his  eggs,  his  results  iiirould  have  been  different  $ 
every  dairy-maid  knows  that  an  egg  which  haa  been  well  greased  to  make  it  keep, 
will  not  produce  a  chick  when  set  under  a  fowl,  but  will  in  due  season  become 
addled. — R.  W.     Mr.  Towne's  very  recent  experiments  only  show  that  egg9 
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bodies  of  women  who  bad  died  or  who  had  miscairied  at  different 
periods  of  their  pregnancy^  we  have  a  great  mass  of  materials,  but 
they  are  merely  fragmentary,  and  very  dissimilar  in  point  of  worth. 
The  rare  occurrence  of  opportunities  to  examine  the  bodies  of 
women  who  have  died  in  the  earlier  periods  of  their  pregnancy  in 
a  recent  state ;  the  uncertainty  of  all  observations  made  on  ova 
which  have  been  cast  off  by  abortion ;  the  difficulty  of  drawing 
correct  inferences  in  regard  to  the  mode  of  origin  of  certain  for- 
mations from  their  anatomical  characters  only ;  finally,  the  preju- 
dices and  preconceived  opinions  of  writers,  and  the  false  views  of 
things,  correctly  observed  in  themselves,  to  which  these  lead; — 
such  are  the  chief  obstacles  that  oppose  themselves  to  a  connected 
and  clear  apprehension  of  the  first  stages  in  the  development  of 
the  human  embryo.  We  are  therefore,  and  almost  of  necessity,  here 
compelled  to  have  recourse  to  the  mammalia  as  sources  of  informa.- 
tion,  and  not  only  in  regard  to  these  earlier  periods,  but  even  as 
concerns  much  later  stages  in  the  history  of  development;  and 
there  can  be  no  doubt  that  researches  on  the  mammalia  carefiilly 
conducted,  and  used  with  discretion,  are  much  better  calculated  to 
throw  light  on  the  primary  formation  of  the  human  embryo  than  any 
amount  of  necessarily  unconnected  observations  on  human  ova  cast 
off  at  an  early  period,  and  in  the  great  majority  of  cases  obviously 
diseased.  The  history  of  the  evolution  of  the  human  foetus  at  later 
periods  is  so  complete  in  itself,  from  the  number  of  observations  we 
now  possess,  that  there  is  scarcely  any  necessity  for  recurring  to  the 
mammalia  in  regard  to  it.  In  treating  the  whole  of  this  subject, 
the  history  of  the  development  of  the  chick  is  still  the  safest  guide, 
and  to  this  we  shall  therefore  continually  refer"*. 

which  have  been  coated  over  with  albamen  and  covered  with  several  layers  of 
paper  dipped  in  that  fluid,  can  be  incubated  to  the  complete  evolution  of  the 
embryo ;  not  that  the  embryo  can  be  produced  without  all  access  of  atmospheric 
air.— R.  B.  T.  With  regard  to  the  supposition  that  the  lime  which  enters  in 
such  large  quantity  at  last  into  the  body  of  the  chick  is  produced  "from  other 
matters  under  tite  influence  qf  the  organic  agencies"  this  is  quite  inadmissible  in 
the  present  state  of  chemical  science.  Nmther  indeed  is  there  any  occasion  for 
such  an  impossibility.  The  shell  of  the  fully  incubated  egg  is  always  light, 
brittle,  and  spongy,  and  careful  investigation  would  certainly  show  that  all  the 
lime  in  the  composition  of  the  chick  was  derived  from  this  source. — R.  W.] 

^**  The  works  that  treat  most  fully  of  the  matters  now  to  engage  us  are  the 
Physiology  of  Burdach,  ii.  and  the  Manual  of  Development  of  Valentin 
{Handbueh  der  Entwickehmgsgeschushte  des  Mensehen),  Berl.  1835.  The  greater 
number  of  the  newer  elementary  works  on  phjrsiology,  based  on  individual  obser- 
vation, have  not  yet  reached  the  subject  of  development.  DoUinger  only  in  his 
Elements  of  Physiology,  {GrundzUgen,  Ist  part,  1835,)  and  Heusinger  in  his  Notes 
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§  68«  Earliest  appearances  of  Conception  in  Mammalia ;   detach- 
ment of  ova;  production  of  corpora  lutea. 

At  the  season  of  heat  in  mammalia,  individual  ova  come  to  ma« 
turity  in  the  Graafian  vesicles ;  after  the  intercourse  of  the  sexes 
an  increased  flow  of  blood  takes  place  to  the  ovaria ;  the  vascular 
membrane   of  the    Graafian  vesicle   enlarges;   the   granules   or 

to  a  Thnulatum  qf  MajendU^s  Physiology,  2d  vo  .  1836,  treat  this  subject  by  the 
way,  and  briefly.  Among  the  elementary  anatomical  works,  that  of  Lanth,  Elimens 
cPAnatomie  Pratique,  2d  vol.  1836,  contains  a  short  but  very  precise,  clear,  and 
comprehensiTe  account  of  the  evolution  of  the  foetus,  illustrated  by  diagrams. 
In  Weber's  edition  of  HildebrancWs  Anatomy,  there  is  an  excellent  account  of  the 
evolution  of  each  individual  organ  or  system,  and  of  the  anatomy  of  the  foetal 
membranes.  Among  iconographic  works,  that  of  Dr.  Wm.  Hunter,  7%e 
Anatomy  pfihe  Human  Gravid  Uterus,  fol.  max.  1774,  deserves  particular  men- 
tion as  unsurpassed  in  accuracy  of  representation  and  beauty  of  execution.  The 
best  figures  of  the  external  forms  of  the  embryo  are  still  those  of  Soemmering, 
lames  Embryonum,  1799.  Among  later  works,  that  of  Velpeau,  entitled  Em- 
bryotogie  ou  Ovologie  humaine,  Paris,  1835,  must  be  mentioned.  Many  of  the 
earlier  ova  there  represented  are  certainly  diseased.  The  Etudes  Anatomiques, 
^,  de  P(Erfo{  Breschet,  Paris,  1832,  are  distinguished  by  the  excellence  of  the 
representations  of  healthy  as  well  as  of  diseased  ova.  The  work  of  Seiler,  entitled, 
''The  Uterus  and  Ovum  of  Man  in  the  earlier  months  of  Pregnancy,"  (die 
Gebdrmmtter  und  das  Ei  des  Menschen  in  den  etsten  Schwangerschaftsmonaten 
darffestellt,)  Dresden,  1832,  contains  several  beautiful  and  faithful  figures; 
unfortunately  the  work  is  not  finished.  The  subject  is  treated  systematically 
and  iconographically  in  Flourens'  Courssur  la  G4n^ation,  VOvologie,  et  V Embryo^ 
hffie,  pMUpar  Desehamps,  Paris  1836 ;  but  imperfectly  and  without  reference 
to  the  latest  discoveries.  The  same  may  be  said  of  the  production  of  M.  Coste : 
— Smbryog^nie  eomparie:  Cours  sur  le  Dioeloppem/ent  de  P  Homme  et  des  Animaux, 
torn.  i.  Paris,  1837» — a  work  which,  with  a  little  of  high  pretence,  certainly  con- 
tains much  valuable  matter,  illustrated  by  good  figures  in  connexion  with  the 
development  of  a  few  of  the  mammalia,  viz.  the  sheep,  the  dog,  and  the  rab- 
bit ;  bat  in  which  the  development  of  the  human  embryo  is  most  imperfectly 
and  unsatisfactorily  treated.  For  the  most  important  and  also  the  latest 
contributions  on  the  developement  of  the  mammalia  of  all  orders  and  also  of 
man,  we  are  beholden  to  Baer  {Entwickelungsgesckichte  der  Thiere,  2  Bde,  4  to, 
Konigab.  1828 — 37).  These  are  contained  in  the  second  volume  of  his  great  work, 
which  it  is  much  to  be  regretted  is  yet  unfinished,  and  unprovided  with  expla- 
nations of  the  plates.  Kilian,  in  his  GeburtskUlfticher  Atlas,  1837,  has  given  an 
excellent  selection  of  the  best  plates  extant  of  the  foetus  and  uterus,  to  which  he 
has  added  many  of  interest  peculiar  to  himself.  I  have  here  mentioned  only  the 
very  principal  works  that  treat  of  development ;  in  no  part  of  anatomy  and 
physiology  perhaps  are  the  materials  so  widely  scattered  through  periodical  pub- 
licationsy  contained  in  small  tracts,  &c. :  the  chief  contributors  in  this  way  are 
Bojanua,  Meckel,  E.  H.  Weber,  Rathke,  Burdach,  J.  Miiller.  [T.  Wharton 
Jones,  M.  Barry,  and  C.  Reichert.] 
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cells  mingled  with  its  contents^  become  greatly  developed  and 
altered  "^ ;  and  a  thickening  and  general  increase  of  its  walls^  par- 
ticidarly  of  the  base  and  sides  (fig.  LVIII.  By  ft,  from  the  bitch), 
ensue,  precisely  as  in  the  capsule  or  calyx  of  the  bird  (fig.  IX.  a, 
p.  38) ;  the  ovum  and  other  contents  of  the  follicle  are  by  this 
pressed  forwards,  or  against  that  aspect  of  the  foUicle  which  is  in 
contact  with  the  peritoneiun,  and  which  now  becomes  continually 
thinner  and  thinner,  and  finally  bursts,  so  that  the  ovum  escapes 
(fig.  LVIII.  By  rf;  fig.  XIV.  Cy  p.  46),  and  a  cavity  is  left  in  the 
ovary  (fig.  LVIII.  c,  LIX.  LX.  a,  and  XIV.  b;)  this  is  soon  obli- 

^^  In  a  bitch  forty-eight  hours  after  intercourse,  I  found  the  Graafian  vesicles 
of  three  or  four  times  their  original  dimensions,  and  surrounded  by  a  vascular 
rete,  as  is  described  and  figured  with  reference  to  birds,  (fig.  XXIV.)  The 
granules  of  the  contents  had  become  large  oval  ceUs,  completely  filled  with  dark 
molecules,  and  the  nucleus  as  clear  as  a  transparent  vesicle,  so  that  these  cells 
bore  the  strongest  resemblance  to  the  pigmentary  cells  of  the  choroid  of  the  eye 
(fig.  LXI.) ;  some  of  the  cells  were  smaller,  paler,  and  without  any  darker  mole- 
cular contents. 


Fig.  LVIII. 


Fig.  LVIII. — ^A  section  of  a  portion  of  the  ovary 
of  the  sow ;  a,  a,  investing  peritoneum ;  b,  recent 
corpus  luteum  full  of  black  blood ;  c,  older  corpus 
luteum;  B,  Graafian  follicle  of  the  bitch,  just 
burst,  magnified  and  partly  as  a  plan,  after  Baer ; 
a,  a,  investing  peritoneum ;  b,  fleshy  mass  formed 
around  the  walls  of  the  follide;  d,  the  ovulum 
which  has  escaped. 


Fig.  LIX. 


Fig.  LIX. — ^A  corpus  luteum  from  the  body  of  a  female 
who  destroyed  herself  by  drowning,  eight  days  after  impreg- 
nation ;  a,  mucous  tunic  of  the  Graafian  vesicle  sprouting  from 
the  circumference  towards  the  centre ;  b,  external  tunic  of  the 
Graafian  vesicle ;  d,  investing  membrane  of  the  ovary ;  c,  ova- 
rian stroma ;  e,  point  at  which  the  ovulum  escaped  from  the  Graafian  foUicle. 
(After  Baer,  in  SieboUTs  Jowm.f.  Geburtschuffe,  b.  ziv.  t.  i.) 


Fig.  LX. 


Fig.  LX. — Section  of  a  Graafian  veside  of  a  female,  who  also 
committed  suicide  by  drowning,  having  been  in  the  company  of 
an  admirer  the  day  before.  The  inner  membrane  a,  is  thickened, 
and  in  folds ;  b,  the  outer  membrane ;  c,  ovarian  stroma.  (After 
von  Baer,  in  Siebold's  Journal,  u.  s.) 


PRODUCTION  OF  CORPORA  LUTEA.  135 

terated^  by  the  growth  on  all  sides  of  the  inner  membrane  of  the 
follicle — a  reddish  fleshy-looking  mass  sprouts  from  the  walls 
towards  the  shrinking  cavity,  and  the  rent  by  which  the  ovum 
had  escaped  is  finally  closed  "*.    An  ovarian  follicle  thus  altered 

^  In  addition  to  the  matters  in  the  text,  Baer  goes  on  to  say :—"  The  empty 
capsules  in  birds  do,  in  fact»  occasionally  assume  the  appearance  of  the  corpora 
latea  of  the  mammalia^  especially  when  the  edges  of  the  cicatrice,  as  happens 
occasionally,  again  coalesce.  But,  even  when  the  edges  do  not  coalesce,  the 
shrivelled  and  greatly  diminished  calyx,  which  also  acquires  a  yellow  colour, 
bears  a  striking  resemblance  to  an  unclosed,  but  very  small  corpus  luteum  of  a 
mammiferous  animal,"  Entwickelungsgeschichte,  p.  182.  Corpora  lutea  are 
always  to  be  viewed  as  so  many  indications  of  previously  fecundated  and 
raptured  Graafian  vesicles.  Meckel,  in  his  Anatomy,  vol.  iv.  p.  686,  says : — "  I 
am  strongly  inclined  to  regard  all  the  accoimts  we  have  of  differences  in  the 
Dumber  of  corpora  lutea,  and  the  young  produced,  as  the  effects  of  imperfect  or 
erroneous  observation ;  in  more  than  two  hundred  instances  in  which  I  have  ex- 
amined the  ovaria  of  women  who  had  had  families,  and  of  the  females  of  mammalia 
of  different  kinds  which  had  been  pregnant,  I  have,  without  any  exception,  found 
the  number  of  corpora  lutea  to  correspond  with  the  number  of  children,  or  of 
the  young  that  had  been  borne.  The  best  observers — Haller,  Hunter,  came  to 
the  same  conclusion.'* 

[There  are,  however,  other  opinions  on  the  cause  and  mode  of  formation  of  the 
corpus  luteum,  besides  that  given  in  the  text  and  note  above,  which  it  seems  right 
to  mention  here.  Dr.  Montgomery,  of  Dublin,  for  instance,  holds,  that  it  is  no  in- 
crease or  production  of  the  inner  coat  of  the  Graafian  vesicle,  but  a  new  formation 
between  the  two  layers  of  membrane  compodng  that  cyst  {EaDposiiion  of  the  Signs 
of  Pregnancy,  p.  219.  8vo.  Lond.  1837).  Dr.  R.  Lee  again  concludes  from  his 
observations,  that  the  body  in  question  is  formed  around,  or  on  the  outside  of 
both  coats  of  the  vesicle,  the  yellow  matter  deposited  being  in  immediate  contact 
with  the  stroma  of  the  ovary  (Med.  Chirurg.  Drans,  vol.  xxii.  Lond.  1839).  Dr. 
Paterson,  the  last  writer  on  this  subject  (Obs.  on  Corp.  Lutea,  in  Edinb,  Med,  and 
Snrg.Jotmuil,  for  January,  1840),  espouses  Dr.  Montgomery's  conclusions.  "  It 
is  the  vascular  covering  of  the  ovisac,"  says  Dr.  Barry, "  which  becomes  the  corpus 
luteum,  not  the  inner  membrane  of  the  Graafian  vesicle,  for  that  inner  membrane  is 
constituted  by  the  ovisac  itself,  which  diaappean,'*— -Researches,  2d  series,  p.  318 
and  350.  The  views  of  British  inquirers  are  essentially  the  same ;  the  difference 
between  them  merely  refers  to  the  parts  which  each  assigns  to  the  Graafian  ve- 
sicle and  to  the  ovary,  connected  with  their  skill  severally  in  splitting  these  into 
layers.  Whether  the  deposit  take  place  around  one  or  two  coats  of  the  Graafian 
veidcle  is  perhaps  of  little  moment ;  it  is  certainly  on  the  outside  of  so  much  of  the 
Graafian  vesicle,  viz.  the  lining  membrane  of  the  cyst,  as  nature  has  no  farther 
use  for,  the  end  of  the  deposit  being  doubtless  to  isolate  from  the  rest  of  the 
organism  that  which  has  already  fulfilled  its  ofiice.  And  here  the  interesting 
question  presents  itself  in  regard  to  the  significance  of  corpora  lutea  under  any 
circumstances.  We  have  seen  recent  general  opinion  to  be,  that  ova  are  normally 
cast  loose  at  each  menstrual  period  in  women,  and  each  season  of  heat  in  ani- 
mals (Annot.  88,  to  §  33).  The  breach  in*  the  ovary  which  is  the  consequence 
of  this  phenomenon  must  be  repaired,  and  it  would  actually  seem  to  be  made 
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is  known  by  the  name  of  corpus  luteum ;  in  man,  and  many  mam- 
malia, the  colour  is  yellow  at  length ;  in  others,  it  is  reddish  or 
whitish.  In  many  mammalia,  the  corpus  luteum  grows  to  a  con- 
siderable size ;  in  the  sow,  for  instance,  the  corpora  lutea  continue 
for  some  time  after  the  separation  of  the  ova  in  the  form  of  large  livid 
or  purplish  red  berries  (fig.  XII.  a,  a,  p.  45),  their  cavities  being 
filled  with  coagulated  blood,  which  occasionally  exhibits  a  peculiar 
dendritic  appearance  (fig.  LVIII.  a,  b.)  By  .the  side  of  the  more 
recent  corpora  lutea  it  is  usual  to  find  smaller  shrunk  bodies  of  the 
same  kind,  the  results  of  former  conceptions  (fig.  XII.  i,  i),  which  are 
really  yellow,and  about  half  the  size  of  ripe  unemptied  follicles  (c,c,c); 
when  cut  across,  they  show  the  mode  in  which  they  have  been  con- 
solidated by  the  growth  of  the  inner  parietes,  which  have  filled  the 
cavity  completely,  nothing  being  left  of  it  save  a  little  cleft  or  cica- 
trix (fig.  LVIII.  A,  c).  The  mechanism,  by  which  the  ova  in  the 
mammalia  are  cast  loose  from  the  ovary,  would  therefore  appear 
to  differ  much  less  from  that  which  obtains  among  birds  than 
might  at  first  sight  be  imagined.  By  the  growth  of  the  walls  of 
the  calyx  or  capsule,  the  yolk  in  birds  is  carried  outwards,  pressed 
against  the  peritoneum,  and  pushed  from  the  stroma  (§  48) ;  in 
mammalia,  the  process  is  in  every  particular  the  same ;  the  identity 
of  the  process  is  even  more  striking,  when  animals,  which  have  a 

good  in  the  same  way,  but  somewhat  modified,  as  the  rupture  in  the  ovarf 
which  is  the  effect  of  impregnation.  Physiologists,  at  the  present  day,  there- 
fore, very  uniformly  recognise  true  corpora  lutea,  and  faUe  corpora  lutea,  the 
former  being  the  effect  of  impregnation,  the  latter  of  the  escape  of  an  ovum  that 
has  not  felt  the  influence  of  the  male.  TViie  corpora  lutea  are,  at  first,  much 
larger  than  false  corpora  lutea ;  they  are  also  of  a  pretty  regularly  round  figure ; 
they  present  concentric  radii  when  divided  perpendicularly;  their  centre  is 
occupied  by  a  distinct  membrane  (the  lining  membrane  of  the  Graafian  vesicle,) 
they  have  a  puckered  central  cicatrice,  and  they  are  never  numerous.  Fabe 
corpora  lutea  again  are  small  and  irregular  in  form;  they  want  the  central 
cavity  lined  with  a  distinct  membrane ;  they  show  no  puckered  central  cicatrice, 
and  no  concentric  radii  on  the  surface  of  a  perpendicular  section ;  finally*  they 
are  frequently  numerous  and  demonstrable  in  both  ovaries.    R.  W.] 


Fxo.  LXI. 


Fig.  LXI. — ^Two  cells  from  the  granular  membrane  of  the 
foecundated  Graafian  vesicle  of  a  bitch,  forty-eight  hours  after 
conception.  The  larger  cell  surrounds  a  very  bright  nucleus, 
and  is  filled  with  dark  molecules^  so  that  it  bears  a  strong  re- 
semblance to  a  pigmentary  cell  of  the  choroid  coat  of  the  eye. 

12 
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scanty  ovarian  stroma^  and  in  wluch  the  follicles  are  pediculated  like 
benries^  as  in  the  mole,  and  still  more  in  the  omithorhjmchus  (fig. 
XIIL  a,  p.  45,)  are  contrasted ;  the  ovaria,  in  these  creatures,  are 
extremely  like  those  of  birds  (fig.  XX IV.) ;  the  difference  between 
them  lies  almost  solely  in  the  presence  of  the  additional  particular 
granular  mass  in  the  Graafian  follicle  of  the  mammal  *. 


§  69.  Proffress  of  the  Ovum  in  the  Fallopian  tube,  to  its  arrival  in 

the  uterus. 

Of  all  the  particular  points  in  the  history  of  development,  the 
reception  of  the  ovum  by  the  Fallopian  tube,  and  its  progress  to 
the  uterus,  are  those  that  still  he  hidden  in  the  deepest  obscurity. 
No  one  has  yet  succeeded  in  discovering  ova  in  the  Fallopian  tube 
of  the  human  subject ;  all  the  accounts  of  such  a  thuig  having 
actually  been  seen  are  more  than  doubtful :  even  in  the  mammalia, 
among  which  the  precise  moment  of  impregnation  is  known,  it 
is  one  of  the  most  delicate  and  difficult  of  anatomical  researches 
to  discover  bodies  so  minute  as  the  ova  in  the  Fallopian  tubes.  It 
would  appear,  too,  that  the  term  at  which  the  ova  arrive  in  the 
uterus  is  not  precisely  the  same  even  in  the  same  species  of  ani- 
mal; it  may  vary  several  days  in  every  kind;  in  rabbits,  for  in- 
stance, the  ova  reach  the  uterus  from  the  third  to  the  fifth  day 
after  impregnation ;  in  the  bitch,  the  period  is  much  longer,  the 
ova  not  attaining  the  uterus  till  after  the  lapse  of  ten  or  twelve 
days.  In  the  animals  just  named,  the  earliest  periods  in  the  de- 
velopment of  which  are  the  best  known,  several  ova  are  detached, 
and  arrive  successively,  rarely  together,  in  the  uterus;  and  it 
would  seem  that  the  Graafian  vesicles  do  not,  by  any  means,  all 
give  way  at  the  same  time,  but  that  individual  follicles  burst 
several  days  earlier  than  others.  During  the  whole  of  this  period, 
the  infundibidum  of  the  tube  or  oviduct  grasps  the  ovary,  and 
adheres  to  it  closely,  so  that  the  ova,  as  they  escape  from  the  vesi- 
cles, necessarily  pass  into  its  abdominal  extremity.  To  what  ex- 
tent the  muscular  contractions  of  the  Fallopian  tubes,  or  the 
ciliary  motions  of  their  epitheUal  indusia  contribute  to  the  farther 

[*  The  ovum  is  expelled  from  the  Graafian  vessel,  owing  to  a  vm  d  tergo  pro- 
duced hy  the  thickening  of  the  hase  and  sides  of  the  vesicle.  This  vis  acts,  of 
course,  not  upon  the  minote  ovum  only,  but  upon  the  contents  of  the  vesicle  at 
^e,  which  are,  therefore,  in  part  at  least,  expelled  along  with  the  ovum. 
R.  W.] 
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progress  of  the  ova  is  unknown.     Occasionally  the  ovaria  remain 
for  weeks  closely  grasped  by  the  infundibula  of  the  tube. 

With  regard  to  the  ova  themselves,  they  [were  believed,  till  very 
recently,  to]  undei^o  but  little  alteration  during  their  passage 
through  the  tubes ;  they  carry  off  a  small  portion  of  the  granular 
stratum  of  the  vesicle  with  them,  which  appears  hanging  to  them 
at  first  as  an  irregular,  ragged  discoidal  appendage  (fig.  LXII. 
and  LXIIl.),  but  this  is  soon  detached;  with  this  the  chorion  en- 
larges ;  the  stratum  that  surrounds  the  vitellus  becomes  more  con- 
sistent, and  does  not  escape  along  with  the  thinner  contents  when 
the  ovum  is  punctured ;  the  ovum  gains  a  little  in  size,  too,  during 
its  progress  through  the  tube,  perhaps  by  absorbing  the  fluid 
resembling  thin  albumen,  which  is  shed  into  the  tube  at  this  time; 
the  yolk  becomes  more  readily  separable  from  the  chorion ;  there 
is  still  no  trace  of  any  especial  spot  where  the  embryo  arises '". 

'"  Dr.  Bischoff,  of  Heidelbsrg,  hog  kindly  tTHOSinitted  to  the  author  ut  ac- 
count of  a  complete  serieB  of  obseiralioDB  upon  ova,  in  their  progreas  throagh 
the  Fallopian  tubes,  in  the  bitch,  of  which  an  abstract  follom.  Dr.  Biacboff 
Bay* : — "  With  regard  to  the  period  at  which  the  omm  eacapea  from  the  ovary, 
I  believe  I  may  safely  aver,  that  it  is  very  vaiioaa,  and  often  both  mDch  earlier 
and  much  later  than  is  ([enerally  believed.  The  earliest  period  at  which  I 
have  observed  it  to  occur  is  thirty-sit  hours  after  intercourse ;  thia  waa  in  a 
pointer  bitch  (Spitabundin),  which  belonged  to  the  servant  of  our  anatomical 


Kg.  LXII.— A  fully 
ripe  ovum  from  the 
ovaiy  of  a  rabbit  in 
heat,  surroaoded  by 
the  proligerous  disc, 
magnified  290  diame- 
ters. The  cells  of  the 
disc  an  crowded  with 
moleculea,  but  iheir 
boundaries  are  not  dis- 
cernible, from  theovum 
being  drawn,  still  w- 
eluded  within  IheGraa- 
fian  follicle  J  iathen- 
cioity  of  the  germina' 
veaide,  the  riteltary 
fluid  is  perceived  al- 
most wholly  free  from 
granules,  vide  fig' 
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[Hie  enquiiies  of  Bridsh  embryoIo^Bts  have  shown  the  ovum  to 
be  the  Beat  of  very  great  and  important  changes,  both  before  it  is 

theatre,  and  who  had  taken  a  note  of  the  precise  time  of  the  coitus,  llie  ovb 
ven,  in  this  instance,  already  in  the  middle  of  the  tubes.  In  another  bitch, 
which  I  examined  nineteen  hours  after  intercourse  for  the  first  time,  the  ora  had 
not  ;et  escaped  from  the  Graafian  vesicles,  six  of  which,  however,  were  very 
much  enlarged,  but  still  completely  closed ;  I  detected  the  ovum  in  each  of 
these.  In  another  young  bitch,  which  had  not  suffered  any  dog  to  approach  her 
fur  fourteen  days,  although  she  was  still  in  heat,  and  a  bloody  fluid  eseapeil 
from  the  vagina,  1  found  the  ova,  to  my  great  astonishment,  still  in  the  middle 
of  the  tubes,  as  in  the  cose  examined  after  a  lapse  of  only  thirty-six  hours.  In 
another  bitch,  which  had  not  submitted  to  the  male  for  eleven  days,  the  ova 
irere  still  very  backward,  having  just  passed  from  the  tubes  into  the  uterus. 
These  three  last  mentioned  cases  were  all  firit  conceptions ;  the  animals  were  all 
young,  and  liad  not  previously  had  litters.  In  older  hitches,  on  the  other  hand, 
I  generally  found  the  ova  farther  on  than  I  had  expected.  I  am  inclined  to  be- 
lieve that  age  is  the  principal  cause  of  the  differences  observed  in  this  respect : 
ID  young  bitches,  impregnated  for  the  first  time,  the  ova  are  both  detached  from 
the  ovaries  later,  and  move  through  the  tubes  more  slowly  than  in  older  animals, 
which  have  already  littered  once  or  oftener.  Besides  this,  the  degree  of  the 
heat,  as  already  remarked  by  Von  Baer  and  by  Guenther,  appears  to  have  some 
inflaence.  To  discover  the  ova  in  the  tubes,  I  begin,  by  removing  these  from 
the  ovaria  and  all  connected  parts,  so  that  all  tortuosity  disappears,  and  nothing 
remains  adherent  to  them.  I  then  stretch  them  out  with  a  pin  or  pins  at  each 
end  upon  a  red  or  black  waxen  tablet,  and  slit  them  open  from  the  abdominal 


Fia.  LXIII. 
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Fig.  LXIII.  A,  B.— An  ovum  of 
a  rabbit  not  quite  ripe,  magnified 
290  diameters,  removed  from  the 
Graafian  vesicle,  and  burst  nnder 
the  compressor, — a,  a,  granules 
or  cells  of  the  proligerous  disc  ;  b, 
the  thick  chorion  [?]  (zona  pellu- 
dda) ;  e,  rent  in  this  membrane, 
through  which  the  contents  of  the 
vitellus,  and  the  germinal  vesicle 
d,  has  escaped ;  the  nucleus  of 
the  germinal  vesicle  is  apparent  as 
usual  as  the  germinal  spot  e;  B, 
highly  magnified  granules  from 
the  contents  of  the  Graafian  vesi- 
cle ;  a,  the  granules  without  pre- 
paration ;  b,  the  granules  treated 
with  dilute  acetic  acid,  and  the 
involucre  of  the  cell  thereby  sepa- 
rated elightly  from  the  nucleus. 
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cast  loose  from  the  ovary^  and  during  its  passage  through  the  Fal- 
lopian tube.     In  the  ovary  it  acquires  an  outer  membrane,  which 

end  onwards  with  a  pair  of  fine  sharp  scissors.    I  now  search  every  fold  of  the 
divided  tube  with  care,  and  have  almost  always  been  so  fortunate  as  to  discover 
all  the  ova  in  the  tube,  generally  at  no  great  distance  from  one  another.    It  is 
only  necessary  to  be  well  acquainted  with  the  appearance  of  the  ovarian  ova,  and 
to  have  a  quick  eye,  in  order  to  succeed.    The  ova  of  the  bitcb,  by  reason  of  the 
denseness  of  their  vitelli,  are  perhaps  more  easy  to  find  than  those  of  any  other 
animal,  which  causes  them  to  look  like  white  points.    I  then  remove  the  ova 
carefully  with  a  needle  to  a  glass  tablet,  and  examine  them  as  quickly  as  possible 
under  the  microscope,  without  addition  of  any  kind,  as  I  find  that  fliuds  of 
every  description  cause  changes  in  the  ova,  particularly  in  the  form  of  the  yolk ; 
saliva  causes,  perhaps,  as  little  change  as  anything,  and  this  I  use  when  moisture 
becomes  indispensable.    The  highest  point  at  which  I  have  found  ova  has  been 
about  the  upper  third  of  the  tube,  which  was  in  a  bitch  thirty-six  hours  after 
her  first  intercourse,  and  in  another,  which  was  killed  during  the  continuance  of 
the  heat,  but  without  my  having  had  an  opportunity  of  knowing  the  exact  time 
of  the  intercourse.    All  the  ova  I  have  found  in  the  tubes  have  borne  a  strong 
resemblance  to  those  of  the  ovaria ;  they  all  presented  a  granular  disc,  exactiy  like 
that  which  they  exhibit  in  the  ovary,  and  the  vitellus  was  always  opaque  and  dark. 
The  earlier  of  them  also  showed  almost  no  alteration  in  point  of  size,  and  in  the 
appearance  of  the  vitellus.    But  I  searched  with  the  greatest  perseverance,  and 
with  every  possible  precaution,  for  the  germinal  vesicle,  in  vain.    I  believe, 
therefore,  that  I  am  in  a  condition  to  announce  the  disappearance  of  this  structure 
in  the  ova  of  the  mammalia  as  an  ascertained  fact,  whereas  it  has  hitherto  only 
been  presumed  hypothetically,  or  from  analogy.    In  the  pregnant  bitch  which  I 
examined  nineteen  hours  after  the  first  intercourse,  and  in  which  I  found  the 
ova  still  in  the  ovaria,  these  still  contained  their  germinal  vesicles.    The  germinal 
vesicle,  therefore,  in  all  probabihty,  only  disappears  on  the  escape  of  the  ovum 
from  the  ovary.    What  becomes  of  it  I  cannot  positively  say ;  I  feel  persuaded, 
however,  that  it  bursts,  and  that  its  contents,  mixed  with  the  sperma  of  the  male, 
form  the  macula,  from  which  the  development  of  the  embryo  proceeds.    The 
farther  changes  which  the  ovum  undergoes  in  its  progress  through  the  oviduct, 
are  the  following: — 1.  It  increases  in  size,  but  not  very  remarkably.    2.  The 
yolk  obviously  acquires  greater  consistency,  its  granules  cohere  more  strongly- 
When  an  ovarian  ovum  is  ruptured  with  a  needle,  the  vitelline  granules  imme- 
diately escape,  and  diffuse  themselves  in  the  water ;  but  I  have  divided  impreg- 
nated ova  of  the  tube  with  the  needle  into  two,  four,  or  six  pieces,  without  the 
vitellus  becoming  diffused ;  the  portion  of  yolk  connected  with  each  litUe  seg- 
ment  remained  adherent  to  it,  ^d  seemed  quite  coherent ;  when  forcibly  mixed 
with  water,  still  the  granules  did  not  separate  completely ;  they  always  remained 
in  groups  or  clusters. — 3.  Changes  in  the  form  of  the  vitellus  takes  place. 
Whilst  this  part  in  ovarian  ova  lies  close  to  the  inner  surface  of  the  vitelline 
membrane, — I  mean  the  chorion  or  zona  pellucida, — this  was  only  the  case  in  the 
earliest  ova  from  the  tubes ;  in  all  the  others  it  seems  to  quit  this  surface  in  dif- 
ferent points,  and,  instead  of  its  original  round  form,  it  now  looks  angular  and 
uneven.    I  have  occasionally  observed  such  remarkable  forms,  that  I  asked  my- 
self  the  question,  whether  the  vitellus  of  the  mammiferous  animal's  ovum  under- 
went changes  of  form  similar  to  those  of  the  ovum  of  fishes  and  batracfaia- 
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in  the  tube  becomes  swoln  with  moistuce,  and  assumes  the  appear- 
ance of  a  thick  gelatinous-looking  membrane — the  proper  cho- 

Unfortunatelf  theae  forms  of  the  oira  are  very  rapidly  lost,  when  the  ova  are 
moistened  with  water  or  saliva,  apparently  from  imbibition  of  the  fluid.  I  have  not 
found  it  possible^  on  this  account,  to  make  drawings  of  several  of  the  forms  I  have 
observed. — 4.  In  many  of  those  ova  from  near  the  uterine  end  of  the  duct,  I  have 
imagined  that  I  could  distinguish  a  very  delicate  membrane  surrounding  the 
vitellas  internally.  I  could  never  succeed,  however,  in  isolating  this  membrane, 
or  seeing  it  by  itself,  so  that  I  dare  not  speak  on  this  point  more  decidedly. — 
5.  On  the  other  hand,  it  is  quite  certain,  that  the  ovum  receives  no  new  external 
covering  in  the  course  of  the  duct  or  tube ;  it  acquires  no  albuminous  layer  or 
membrane  like  that  which  lines  the  shell  in  birds ;  and  I  can  therefore  state 
positively,  that  the  outer  covering  of  the  ovarian  ovum  also  remains  the  outer 
covering  (always  putting  the  decidua  out  of  the  question)  of  the  tubular  and 
uterine  ovum  through  aU  its  stages, — a  fact,  which  Von  Baer,  Wagner,  Coste, 
and  others,  had  merely  spoken  of  as  probable.  Mr.  T.  Wharton  Jones,  the  only 
observer  who  believes  that  he  has  seen  this  formation  of  albumen  and  membrane, 
was  probably  deceived  by  the  disc.  He  has  either  not  been  sufficiently  well-ac- 
quainted with  this  part  from  the  ovary  onwards,  or  no  longer  expected  it  in  the 
impregnated  o^iim  (as  it  actually  does  disappear  at  a  later  period),  and  has  taken 
its  granules  for  the  albumen  forming  around  it"  Little  can  be  added  to  these 
laborious  and  careful  researches  of  Bischoff.  Whether  there  be  any  mistake  or 
not  about  the  alteration  in  the  form  of  the  vitellus  must  be  determined  by  future 
inquiry.  I  have  not  yet,  myself>  succeeded  in  discovering  ova  in  the  tubes,  in 
the  few  attempts  I  have  made  in  this  direction.  Among  the  older  inquirers,  De 
Graaf  (op.  cit.)  followed  the  first  stages  in  the  conception  of  the  rabbit  with  dili- 
gence; and,  had  he  but  been  acquainted  with  the  true  ovum,  and  examined  it 
microscopically,  we  should  long  have  been  in  possession  of  the  wished-for  informa- 
tion. Three  days  after  intercourse.  De  Graaf  found  the  ovary  closely  embraced 
by  the  infundibulum  of  the  tube,  and  one  ovum  in  the  tube,  and  two  in  the 
uterus  of  the  right  side.  Cruikshank,  who  repeated  De  Graaf's  experiments 
with  great  care,  on  many  occasions  found  ova  in  the  infundibula,  on  the  third 
and  fourth  days  after  intercourse ;  they  appeared  to  have  increased  somewhat  in 
sixe.  Prevost  and  Dumas  found  the  ova  in  the  tubes  in  bitches  eight  days  after 
intercourse  (Aim.  des  Sc,  Nat.  vol.  iii.  p.  122 )  Baer  found  the  ovule  in  the 
tubes  of  a  bitch ;  it  was  only  slightly  enlarged,  and  appeared  somewhat  loosened 
in  its  texture,  in  comparison  with  its  form  and  appearances  in  the  ovary ;  he  also 
observed  the  ovum  of  a  sheep  in  the  same  state,  even  before  the  end  of  the  first 
day;  the  proligerous  disc  (the  granular  disc)  was  much  loosened  and  diminished. 
Bntwickelungsgeschichte,  ii.  p.  183.  The  period  during  which  the  infundibulum 
grasps  the  ovary,  also  appears  subject  to  great  variations ;  a  fact,  which  was 
remarked  by  most  of  the  old  observers.  Baer  says,  that  in  the  sow,  the  ovary 
generally  continues  embraced  for  about  four  weeks ;  in  the  sheep,  the  period  is 
neariy  the  same.  This,  however,  is  not  invariably  the  rule ;  I  have  found  it 
fret  in  the  sow  eight  and  ten  days  after  intercourse. 

[The  observations  of  Mr.  T.  Wharton  Jones,  alluded  to  by  Dr.  BischoflT,  were 
to  the  effect,  that,  having  found  ova  in  the  Fallopian  tubes,  near  where  they  enter 
the  horns  of  the  uterus  in  a  rabbit,  the  third  day  after  impregnation,  he  saw 
these  ova  remarkably  different  in  their  appearance  from  the  ova  as  they  exist  in 
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RiON.  Bj  and  by  the  zona  pellucida,  which  is  visible  at  first, 
having  disappeared,  the  newly-formed  chorion  comes  to  be  the 

the  ovaries  themselves.  In  addition  to  the  component  parts  of  the  ovarian 
ovum,  he  perceived  that  they  had  a  thick  transparent  investment  similar  to 
that  which  is  observed  in  the  ovum  of  the  frog.  Subsequent  observations  led 
Mr.  Jones  to  conclude,  that  this  additional  transparent  investment  was  acquired 
in  the  ovary,  that  it  was  different  from  the  zona  pellucida,  which  he  regards  as 
the  proper  vitellary  membrane,  and  that  this  new  investment,  and  not  the  zona 
pellucida,  formed  the  proper  chorion.  In  one  observation,  made  on  the  rabbit 
seven  days  after  impregnation,  he  found  the  new  transparent  investment  in- 
dicated, to  constitute  the  sole  covering  of  the  yolk,  but  it  formed  a  large  carity 
when  compared  with  this  part  in  point  of  size.  Here  he  supposed  the  zona 
pellucida  to  have  disappeared,  in  the  same  way  as  he  directly  observed  it  to  do  in 
the  ova  of  the  newt.  In  a  human  ovum,  aborted  at  a  very  early  period,  the 
same  careful  observer  farther  found  that  the  thick  transparent  membrane  (zona 
pellucida),  had  disappeared,  or  been  resolved  into  a  gelatinous  cellular  tissue, 
which  filled  the  new  investment, — the  chorion.  Imbedded  in  this  peculiar  tissue, 
a  small  round  body  was  discovered,  which  proved  to  be  the  yolk  now  forming 
a  spherical  blastoderma.    Philos.  Trans,  1837»  p.  339* 

In  §  20,  and  the  annotations  to  it,  particularly  annot.  56,  justice  was  not  done 
to  the  highly  meritorious  observer  whose  name  has  but  just  been  mentioned— 
T.  Wharton  Jones  :  let  it  be  rendered  here.  Wharton  Jones  was,  beyond  all 
doubt,  the  discoverer  independently,  but  contemporaneously  with  others,  of  the 
germinal  vesicle  and  germinal  spot  in  the  ovum  of  roan  and  mammiferous  ani- 
mals. His  observations  were  made  in  September  1834,  and  his  discoveries 
were  shown  to  many  at  the  time  and  immediately  afterwards  :  the  present  distin- 
guished professor  of  General  Anatomy  and  Physiology  in  University  College,  Lon- 
don, Dr.Sharpey,  has  informed  the  writer  of  this  note,  that  he  had  seen  Mr.  Jones, 
in  his  demonstrations  of  the  ovum  in  the  sheep,  turn  out  the  germinal  vesicle  from 
its  cavity,  and  indicate  the  germinal  spot  upon  it,  in  the  beginning  of  the  month 
of  February,  1835.  Mr.  Jones,  in  the  course  of  the  same  month,  embodied  his 
observations  in  a  paper  which  was  sent  to  the  Royal  Society^  accompanied  with 
drawings  of  the  various  structures  he  had  seen.  The  originals — the  paper  and 
drawings  now  in  the  archives  of  the  Royal  Society,  have  been  inspected  by  the 
writer  of  this  note,  and  there  can  be  no  doubt  of  the  facts  as  stated.  The  views 
at  this  time  current  in  Great  Britain,  with  regard  to  the  structure  of  the  ovum, 
were  those  of  Baer,  and  to  the  effect  that  the  ovum  of  the  mammiferous  animal 
was  the  analogue  of  the  Purkinjian  vesicle  of  the  bird's  egg,  the  Graafian  vesicle 
at  large  of  the  mammal  being  held  as  corresponding  to  the  vitellus  with  its  con- 
tents, in  the  bird.  Mr.  Jones  had  the  honour,  as  an  independent  inquirer,  of 
entering  the  field  on  this  particular  against  Von  Baer,  and  of  fairly  confuting 
him.  Mr.  Jones  is  therefore  the  original  interpreter  among  us  of  the  important 
discovery  of  Baer,  and  he  is  as  much  the  discoverer  of  the  germinal  vesicle 
as  Coste,  or  Bernhardt  and  Valentin,  and  of  the  germinal  spot,  as  the  author  of 
this  work.  By  some  strange  error  Mr.  Jones's  paper  was  not  printed  in  the 
transactions  of  the  Royal  Society,  which  it  would  have  eminently  graced.  It  only 
made  its  appearance  subsequently  in  the  pages  of  the  London  Medical  Gazette, 
and  it  is  by  the  kind  permission  of  the  editor  and  proprietors  of  this  excellent 
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sole  inTestmeut  of  the  yolk.  Several  targe  and  transparent  vem- 
cies  arise  in  the  centre  of  the  yolk  (fig.  LXIV.  jB,  C) ;  by  and  by 

ptriodical,  that  Mr.  Jones's  figures  and  explanations  are  here  added.  Mr.  Whar- 
ton  Jones  has  also  the  undoubted  honour  oC  having  discovered  the  true  chorion 
u  a  formation  posterior  to  the  act  of  impregnation.  His  view  of  the  xonapeUu' 
tida  of  the  mnminiferoiia  ovum  as  the  analogue  of  the  membratia  vilelli  of  that  of 
the  bird,  is  now  also  beginning  to  be  admitted  by  all  physiologists.  There  ia  no 
Bntish  phyaiott^t  to  whom  the  science  of  Embryology  atanda  nearly  so  much 
indebted  as  to  Mr.  Jones  :  he  is  not  only  the  moat  original,  but  probably  the 
most  SDCcesaful  of  bD  our  inquirers  into  this  difficult  subject.    R.  W.] 


Rgtra  Kkieh  iUutlrate  Mr.  T.  Wlartm  Jontt'i  paper,  aUitUd,  '  On  Iht  Ova  t^f 
ifm  and  Mamrntfrnnu  Jntnuiii,  of  Ihey  eritt  in  llie  ovarits  btfort  impreffnaiion ; 
and  em  the  diiecivtrif  in  Ikem  of  a  teticle  analogoia  to  tkal  described  bg  Prof. 
Purkinje,  m  Ike  immahav  egg  ^  tit  Btrd.'     Rtad  at  the  Royal  Society,  1 835. 


Fig.  1. — Diagram  tepreaenting  a  section  of  the 
hen's  egg  within  the  capsule  of  the  ovary,  and  the 
position  of  the  vesicle  of  Purkinje. — a.  The  g^tan- 
ulary  membrane,  forming  the  periphery  of  the 
yolk;  b,  the  vesicle  of  Purkinje  embedded  in  the 
cumulus;  c,  thevitellary  membrane;  d,  the  inner 
and  outer  layers  of  the  capsule  of  the  ovum  ;  e, 
■3  the  indusium  of  the  ovary;  betwixt  the  indueium 
and  the  capsule  the  stroma  ia  seated  ;  /,  the  pedi- 
cle by  which  the  capsule  is  attached  to  the  orary. 


Fig.  LXIV.— Ora  of  the  rabbit  from  the  Fallopian  tube  (after  Barry}.  A, 
mum  of  35)  hours,  I'gth  in  diameter,  found  near  the  middle  of  the  Fallopian 
'ube;  B,  ovura  found  at  the  middle  of  Fallopian  tube,  more  advanced  than  A ; 
C,  Oram  also  from  Fallopian  tube,  and  Rtill  more  advanced  than  B;  clu>.  chorion 
f,  zoDa  pellucid* ;  e,  vitelline  membrane;  d,  yolk;  /',  fluid  imbibed  by  the 
rboiion. 
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these  disappear,  giving  place  to  a  smaller  and  more  numerous  set 
(figs.  LXVIII.   and  LXX.)  which,  in  their  turn,  yield  to  others 

Fi(;r.  2. — Diagram  of  a  section  of  the 
Graafian  vesicle  and  its  contents,  show- 
ing the  situation  of  the  ovum.— a.  The 
granulary  membrane;  b,  the  prolige* 
rous  disc ;  c,  ovum ;  d,  the  inner  and 
outer  layers  of  the  wall  of  the  Graafian 
vesicle ;  e,  indusium  of  the  ovary  de- 
rived from  the  peritoneum,  the  stroma 
immediately  underneath  which  is  con- 
densed so  as  to  form  the  iwuea  albu- 
ffinea. 


O 


10 


Fig.  3. — Yhe  human  ovum  as  seen  under  the  microscope  by  transmitted  light, 
magnified  forty-five  diameters  *.  On  one  part  of  its  surface  a  small  spot  is  seen, 
which  is  the  elevation  on  the  side  of  the  germinal  vesicle  [the  germinal  spot]. 
Fig.  4. — The  ovum  still  surrounded  by  the  proligerous  disc,  magnified  about  fif- 
teen diameters  Fig.  5. — ^llie  outer  envelope  of  the  ovum  lacerated,  and  the  gran- 
ulary membranous  sac  composing  the  yolk  drawn  out.  Fig.  6. — A  human  ovum 
magnified  forty-five  diameters,  in  which  the  granulary  sac  is  so  much  contracted 
that  it  does  not  fill  up  the  whole  cavity  of  the  external  envelope  f.   The  spot  on  the 

*  The  measurements  given  do  not  lay  claim  to  any  very  great  accuracy,  as  they 
were  made  with  a  micrometer  glass  under  the  simple  microscope. 

f  The  distention  of  the  external  envelope,  by  the  absorption  of  water,  and  not 
the  contraction  of  the  granulary  sac,  may  be  the  correct  explanation  of  this 
appearance. 
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Still  smaller,  and  still:  more  numerous  (fig.  LXV.)  and  the  same 
thing  happens  repeatedly,  imtil  a  coarsely  granular  structure  is 

mihce  of  the  granulary  sac,  which  may  be  considered  as  the  cicatricula,  is  the 
ele?ation  on  the  side  of  tbe  germinal  vesicle.  Fig.  7 — represents,  within  a  square 
area,  the  human  germinal  vesicle,  magnified  forty-five  diameters.  On  one  side 
of  it  is  seen  the  small  elevation,  [the  germinal  spot].  Fig.  8. — A  human  ovum, 
magnified  forty-five  diameters.  In  it  the  grains  composing  the  granulary  sac 
were  in  such  small  quantity,  and  adhered  so  little  together,  that  the  whole  germi- 
nal vesicle  [with  its  spot],  is  seen  shining  through  the  outer  envelope.  Fig.  9 
is  a  diagram  of  a  section  of  an  ovum,  representing  the  thick  external  envelope, 
within  which  is  the  granulary  sac,  and,  connected  with  the  inner  surface  of  the 
latter,  the  germinal  vesicle.  Fig.  10  represents  a  human  ovum,  which  I  found 
in  the  ovary  of  a  married  woman  of  about  30.  It  is  somewhat  like  two  joined 
together,  hat  there  is  only  one  germinal  vesicle. 

Figves  which  illustrate  Mr.  71  Wharton  Joneses  p(q)er,  *  On  the  first  changes  in 
the  Ova  qf  the  Mammifera  in  consequence  of  Impregnation,  and  on  the  mode  of 
origin  of  the  Chorion,*  from  Philos.  Trans  1837- 


2 


Fig.  1,  an  ovum  found  in  the  Fallopian  tube  of  a  rabbit  the  third  day  after  im- 
pregnation, magnified  forty  diameters. — Fig.  2,  the  ovum  of  the  frog  when 
recently  laid,  magnified  two  diameters. — Fig.  3,  the  ovum  of  a  water-newt,  in 
which  development  has  commenced,  magnified  rather  more  than  twice. — Fig.  4, 
a  diagram  showing  the  embryo  of  the  newt  after  the  vitellary  membrane  has 
Riven  way,  contained  only  within  the  cavity  of  the  substance,  which  is  added  to 
the  ovum  in  the  oviduct. — Fig.  5,  a  diagram  showing  the  embryo  of  the  frog  still 
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produced,  which  occupies  the  centre  of  the  ovum,  and  of  which 
each  component  vesicle  contains  a  colourless,  pellucid  nucleus, 
and  each  nucleus  presents  a  nucleolus.     R.  W.] 

§  70.  The  Ovum  in  the  Uterus  to  the  Formation  of  the  Embryo. 

As  soon  as  the  ova  have  passed  from  the  oviducts  or  Fallo- 
pian tubes  and  reached  the  uterus,  they  begjn  to  undergo  the 
first  remarkable  changes  and  to  grow  with  rapidity.  The  following 
particulars  are  given  with  an  especial  reference  to  the  ova  of  the 
bitch  and  rabbit,  the  ova  of  these  animals  having  been  most 
frequently  examined,  and  in  their  successive  metamorphoses  also 
presenting  more  numerous  analogies  to  the  ovum  of  man,  than 
those  of  the  ruminants.  The  ova  still  contained  within  the  comua 
of  the  uterus  are  found  notably  increased  in  size ;  here  they  are 
from  half  to  three-quarters  of  a  line  in  diameter,  whilst  in  the 
ovary  they  measured  no  more  than  from  the  tenth  to  the  twelfth 
of  a  line.  It  is  easy  to  perceive  that  the  outer  coat  or  chorion 
expands  and  becomes  thinner;  the  yolk  enlarges  and  becomes 
more  fluid,  whilst  the  dark  granules  vanish  and  lai^r  oil-globules 
make  their  appearance ;  the  superficial  granular  layer  of  the  vitel- 
lus  at  the  same  time  acquires  a  membranous  consistency,  and  the 
granules  collect  in  heaps  or  clusters,  which  are  divided  from  one 
another  like  little  islands,  and  anon  collecting  in  one  particular 
part  they  form  a  darker  circular  spot,  which  in  ova  ^at  have 
attained  a  line  in  size  may  be  distinguished  as  a  point  with  the 
naked  eye  (fig.  LXVIII.  A,  B,  fig.  LXX.  A,  B).  This  macula  or 
spot  consists  of  a  laiger  a^regation  of  granules,  which  rises  slightly 

BuiTouaded  by  the  vitellarj  membraDe,  as  well  as  the  gelatinouB  Bubatancr,  which 
IB  added  to  the  ovum  in  the  oviduct. — Fig.  6,  an  ovum  found  in  the  horn  of  the 
uterus  of  a  rabbit  seven  days  after  impregnatioD,  magnified  for^  diameters. 


Fio.  LXV. 


Fig.  LXV.  An  ovum  from  the  atems,  but  still 
unattached ;  A  of  the  natural  size,  B  magnified ; 
fourteen  days  after  the  first,  eleven  days  after  the 
last  approach  of  the  male ;  the  granular  rings  have 
disappeared  ;  the  granular  spot  a  has  increased 
in  dimensions ;  £,theviteUus;  c,  the  chorion,  which 
has  become  much  thinner  apparently,  from  the 
imbibition  of  nxHsture,  is  now  at  a  considerable 
Glance  from  the  ritellus. 
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as  a  disc  above  the  general  level,  from  its  being  somewhat  thicker 
than  the  rest  of  the  membrane ;  it  by  and  by  becomes  a  little 
clearer  in  the  centre,  whilst  the  granules  are  clustered  more  closely 
ring-wise  in  the  circumference  (fig.  LXV.  A  and  B,  more  highly 
magnified  fig,  LXVI.  b).  The  granules  of  this  disc  appear  plainly 
to  be  cells  having  a  small  nucleus  m  the  centre  (fig.  LXVI.  a). 
Tlie  double  membrane  with  which  these  small  ova  are  enveloped, 
is  rendered  very  distinct  by  putting  them  for  a  few  seconds  in 
water;  here  the  outer  coat  (fig  LXV.  B.  c),  which  is  perfectly 
transparent  and  without  visible  structure,  separates  quickly  from 
the  inner  coat  which  surrounds  the  yolk  and  supports  the  granular 
macula  (fig.  LXV.  B,  b.).  The  external  membrane  is  the  future 
CHORION,  the  inner  the  blastodbbma,  which  has  already  enve- 
loped the  entire  vitellus,  and  even  earlier  perhaps  surrounded  this 
part  as  a  continuous  granular  layer  (vide  annot.  62  to  ^  20) ;  in  the 
birdjOn  the  contrary,  (§47) the  blastoderma  onlyoccupies  a  small  part 
of  the  superficies  of  the  yolk  as  a  disc-like  granular  stratum.  The 
space  between  these  two  coats  (fig.  LXV.  between  b  and  c),  is  in 
all  probability  filled  with  a  thin  stratum  of  albumen,  which  the 
ovum  has  attracted  in  the  tube  and  beginning  of  the  uterus,  and 
which  by  imbibing  water  has  swoUen,  and  thus  occasioned  a  greater 
separation  between  the  two  membranes  of  the  oviun.  The  granular 
>pot  is  the  point  from  which  the  formation  of  the  embryo  begins, 
and  which  has  therefore  by  some  observers  been  called  the  embry- 
ratc  spot.  Whether  the  membrane  which  we  have  hitherto  seen  as 
Ae  outermost  continues  so,  resolving  itself  into  the  aha(^  chorion, 
or  there  is  another  delicate  membrane  thrown  around  this  as  the 


Rg.  LXVI.  The  tfranular  spot  of 
the  OTum  last  Rgured,  magnilied. 
It  ia  seen  to  coniUt  of  celle  with 
nucl«,  a,  in  the  circumference,  and  in 
the  inner  part  of  granulatioiu,  which 
are  observed  of  different  mms  and 
denNties.  These  gnnulea  and  cells 
together,  form  the  nidimenta  of  the 
genninal  membrane  {bioMtodfrma), 
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trne  outer  co%-ering  of  the  ovum — the  exochorion— an  some  main- 
tain, is  doubtful.  The  former  appears  the  more  probable  view. 
The  ova  still  lie  free  and  unconnected  in  the  uteruB ;  from  having 
been  round  they  now  become  oval  in  their  form"'. 

'"  I  have  made  the  above  statements  entirely  from  my  own  observatioM  on 
the  ova  of  rabbits  and  doga.  The  figures  of  the  ovum  of  the  dog  as  given  hj 
PrevoBt  and  Dumas  in  the  Ann.  da  Sc.  Nat.  t.  iii.  pi.  S,  may  be  referred  to  in 
this  place ;  as  also  my  own  representations  of  tbe  ova  of  the  rabbit  and  dog  in 
my  Contributiona  (Beilrdge,  See.)  tab.  1.  fig.  9,  and  likewise  the  descriptions  and 
drawings  of  Coste  [Entbryofftnie,  pi.  IV.  V.  VIII.)  of  the  ova  of  the  dog,  sheep. 
and  rabbit.  It  is  Coste  wbo  calls  the  granular  spot  from  which  the  formation  of 
the  embryo  begins  the  embryonic  spot  (tacke  rabryownaini ;  Baer  was  beTore 
Co«l«  in  all  requisite  observations  on  this  part  in  his  De  Ota  Mamnud.  tt  Horn. 
Gmesa,  p.  7 — 1  !■  More  recently  Baer  has  given  more  extended  remarks  on  tbe 
aame  subject,  which  in  the  main  agree  with  all  I  have  myself  seen,  Entwietf- 
liaigtgtsc\ichle,  ii.  p.  I B4.  Baer,  however,  teems  inclined  to  recognise  tiie  addition 
of  a  particular  membrane,  the  analogue  of  the  shell  membrane  of  the  bird's  egg— 
Burdach's  Eiochotion— to  the  ovum  of  the  aotr.  and  sheep :  this  membrane,  he 
imagines,  is  added  in  the  uterus,  and  an  albuminous  deposit  thrown  over  it :  tbis 
formation  occun  in  the  sow  on  the  thirteenth  day,  an  epoch  at  which  tbe 
ovum  with  its  vilellus  iu  this  animal  has  become  much  elongated  and  filifonn. 
Nothing  analogous  was  observed  in  dogs  and  rabbits,  and  he  is  still  doubtful  i> 
regards  these  animals  whHher  be  should  admit  a  new  formation,  or  allow  of 
a  metamorphosis  of  the  eariier  chorion  [thick  transparent  membrane,  una  pellu* 
cida]  into  tbe  outer  membrane  of  the  more  advanced  ovum,  the  proper  shaggy 
chorion  (loc.  cit,  p.  187).  From  all  that  I  have  myself  seen  in  earlier  ova  bom 
tbe  uterus,  I  must  conclude  that  there  is  no  new  chorion  formed;  a  concluiion 
with  which  the  researches  of  Bigchoff  accord  completely,  and  of  which  I  an 
happy  to  be  able  to  add  an  account  from  a  manuscript  communication  of  tbe 
author.  "  I  have  traced  the  ova,"  says  Dr.  Bischoff,  "  from  their  Erst  uitraDCs 
into  tbe  uterus  from  the  tubes,  quite  high  in  tbe  points  of  the  coinua,  to  th«r 
attachment  in  their  several  resting-places.    In  one  instance  I  found  the  ova  stiU 

Fis.  LXVIl. 


Rg.  LXVII.  Fecundated  own  of 
the  bitch  removed  from  the  nppa 
end  of  the  uterus.  Tbe  ovum  baa 
been  flattened  and  split  with  a  needle  i 
the  vitellus  is  polyhectroos,  and  abom 
an  angular  outline;  its  contents  da 
not  escape :  a,  the  chorion  or  lODi 
pellucida,  of  great  thickness  and 
breadth.  The  figure  is  greatly  mag- 
nified. 
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firsi  appearance  of  the  Embryo,  and  farther  development  of  the  Ovum, 

till  its  attachment  to  the  uterus. 

§  71.   As  the  corroborative  and  mutually  supplementary  re- 
searches of  a  host  of  observers  have  made  us  most  intimately 

very  close  together,  lying  quite  in  the  upper  pointed  part  of  the  uterus,  in  a  bitch 
which  I  was  given  to  understand  had  been  impregnated  fourteen  days  before. 
If  this  were  so,  the  animal  must  have  been  young    llie  ova  were  still  very  small, 
and  to  the  eye  in  search  of  them  appeared  as  extremely  minute  white  specks.    The 
most  remarkable  circumstance  I  remarked  was,  that  the  disc  had  disappeared,  it  was 
not  however  included  by  a  membrane,  but  the  proper  zona  pellucida  (the  chorion, 
V.  Annot.  59)  still  surrounded  the  ovum  externally.     The  ovum,  and  particularly 
the  zona,  had  increased  in  diameter  (fig.  LXVII.  a).    One  of  the  more  perfect  ova- 
rian era  measured  the  0,0072  of  a  Parisian  inch  in  extreme  diameter,  the  zona  in- 
cluded ;  the  vitellus  itself  the  0,0056,  the  thickness  of  the  zona  being  the  0,0005  of 
the  same  inch.   The  fecundated  ovum  in  its  extreme  diameter,  including  the  zona, 
measured  from  the  0,0082  to  0,0083,  the  vitellus  itself  from  the  0,0055  to  0,0063, 
the  zona  in  thickness  the  0,0009  of  a  Paris  inch.  The  separation  of  the  yolk  from 
the  inner  surface  of  the  zona  was  more  conspicuous  now  than  it  appeared  sub- 
sequently, and  now  I  thought  I  could  no  longer  doubt  of  the  presence  of  a  fine  en- 
veloping membrane.  The  vitellus  was  of  an  irregular  shape  in  all ;  in  one  this  was 
particularly  remarkable,  a  portion  of  it  appearing  to  be  pinched  off  from  the  rest ; 
in  another  it  looked  almost  as  if  it  were  eight-cornered ;  the  vitellus,  however, 
was  still  uniformly  dark  and  opaque.    The  ovum  generally  was  very  consistent 
and  elastic,  for  I  could  press  it  quite  fiat  without  bursting  it ;  by  which,  of  course, 
it  increased  very  much  in  diameter.    (Fig.  LXVII.  exhibits  an  ovum  split  with  a 
needle,  the  yolk-granules  not  escaping,  and  the  yolk  itself  angular  in  the  peri- 
phery.)   The  observations  I  had  occasion  to  make  on  another  bitch  which  had 
been  eleven  days  in  my  possession,  and  had  not  during  that  time  suffered  any 
dog  to  approach  her,  although  she  continued  strongly  in  heat,  corresponded 
closely  wiUi  what  is  related  above.    The  ova  on  the  two  sides  showed  a  decided 
diversity  in  their  conditions.    On  the  left  side  there  were  two  which  plainly  were 
referable  to  ova  in  the  earlier  period,  save  that  they  were  both  somewhat  oval, 
and  that  in  the  one  the  vitellus  had  connected  itself  entirely  with  the  one  side  of 
the  zona.     These  two  ova  were  near  the  middle  of  the  left  comu,  close  to  one 
another.     In  the  right  comu  there  was  one  ovum  obviously  farther  advanced ; 
it  lay  as  low  as  the  lower  third  of  the  horn,  was  completely  transparent,  quite 
round,  and  about  the  third  of  a  line  in  diameter.    With  my  unaided  eye  I  could 
perceive  a  white  point  or  speck.    This,  under  a  powerful  lens,  had  an  extremely 
beautiful  appearance.     The  vitelline  granules  had  all,  as  it  seemed,  attached 
themselves  in  distinct  rings  to  the  inner  aspect  of  the  very  delicate  exter- 
nal covering ;  at  one  part  there  was  a  small  agglomeration  of  granules  (similar 
to  that  represented  in  fig.  LXVIII.  jB,  c).     More  closely  examined,  it  appeared 
that  to  the  outer  envelope  there  was  an  inner  one  intimately  applied,  within  or 
upon  which  the  granular  ring  lay.    This  inner  envelope  showed  less  disposition 
to  separate  from  the  outer  one  when  put  into  water  than  in  more  advanced  ova. 
I'he  ova  in  the  right  and  left  comua  uteri  in  this  instance  differed  so  much  in 
their  state  of  development,  that  I  had  no  difficulty  in  detecting  ova  in  another 
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acquainted  with  the  ovum  of  the  dog,  a  sketch  of  its  evolution  will, 
I  imagine,  he  found  very  much  in  its  place  here.     In  all  essential 

bitch  in  a  stage  intermediate  between  them.  The  separation  and  arraiigenient 
of  the  vitelline  f^raoules  in  rings  here  appeared  to  have  taken  place  from  the 
middle  towards  the  superlicies.  'fhe  ringa  ran  rery  close  to  one  another  and 
were  broad  i  the  ova  much  smaller  than  the  one  on  the  right  ride  in  the  pre- 
ceding case,  although  larger  than  those  of  the  left  ude.  As  they  were  almoat 
completely  transparent,  the  greatest  attention  was  neceeaary  to  discover  them  m 
the  uterus ;  in  one  point  I  also  remarked  an  agglomeration  of  granules  in  this 
instance  as  in  the  former.  When  the  ova  had  lain  for  a  short  while  in  water,  they 
altered  very  much  in  shape ;  the  particular  aggregationB  of  the  vitelline  granules 
were  lost,  and  they  collected  again  into  a  dark  but  very  irregularly-formed  mass. 
Here,  again,  I  could  not  be  quite  certain  that  I  saw  any  inner  envelope."  Instead 
of  the  drawings  first  sent  to  me  by  Dr.  Bischoff  as  illustrative  of  the  above  parti- 
culars, I  have  given  in  figs.  LXVIIl.  and  LXX.  drawings  of  a  couple  of  ova  com- 
municated to  me  more  recently,  aud  with  the  following  remarks  appended ; — "  I 
believe  I  can  now  give  yoa  some  particulars  bearing  on  the  formation  of  tbe 
blastodenna  or  germinal  membrane.  1  have  lately  examined  two  bitches,  in 
which  the  ova  had  just  reached  the  uterus  from  the  tubes,  hut  very  evidently 
were  not  all  in  the  same  stage  of  development.  The  ova  appeared  as  small  vesi- 
cles, clear  as  globules  of  water,  with  a  scarcely-perceptible  white  speck  on  one 
aide,  from  theO,OI25  tothe  0,0150  of  a  Paris  inch  in  size.  Under  the  microscope 
the  zona  appeared  already  to  have  become  considerably  thinner  (fig.  LXVIIl.  B, 
a) ;  the  inner  superficies  was  occupied  with  granular  ringa,  among  which  one 
larger,  darker  granular  spot  (fig.  LXVIIl.  A,e),  and  several  smaller  (if)  were  con- 
spicuous.   With  the  greatest  atten^on  I  remarked  in  several  of  these  ova  certain 

Fio,  LXVIIL 


Fig,  LXVIIL  Ovum  of  the  dog,  further  advanced  than  the  last.  A,  natiual 
dimensions;  B,  magnified  view;  a,  chorion  ;  b,  b,  b,  vitellary  grauules  fonning 
rings;  e,  macula  embryonic  spot  (tacA««m6ryoiNMire,  Coafe);  ij,i^i^  smaller  dark 
heaps  of  granules  interspersed  among  tbe  vitellsry  granular  collectiona.  C,  the 
same  ovum  altered  through  the  imbibition  of  water ;  the  vitellus  b,  b,  has  shrunk, 
and  a  free  apace,  d,  d,  has  arisen  ;  a,  the  chorion ;  e,  the  embryonic  macula. 
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points  that  of  the  rabbity  and  even  of  the  sheep^  which^  after  the 
dc^  are  best  known  to  us^  will  be  found  to  correspond.   The  period 

veiy  delicate  lines,  drawn  in  circles  around  and  including  the  granular  rings. 
In  water  a  delicate  inner  covering  (fig.  LXVIII.  B,  c)  was  detached  from  the 
outer  one  (a)  as  in  the  ova  formerly  studied ;  the  inner  vesicle  shrunk  together, 
80  that  an  empty  space  (d,  d)  was  produced  between  the  two ;  along  with  this  the 
regular  arrangement  of  the  yolk-granules  disappeared.  It  required  great  pains 
to  succeed  in  tearing  the  outer  covering  with  fine  needles,  and  the  inner  one 
partially,  so  as  to  obtain  a  view  of  the  dark  spot  by  itself  and  without  interven- 
tion. 1  now  saw  clearly  that  even  in  these  ova  (as  in  those  of  greater  age 
represented  figs.  LXV  and  LXVl.)  the  outer  covering  was  entirely  composed  of 
vesicles  or  cells  in  close  apposition  with  one  another,  and  containing  in  their 
interior  larger  or  smaller  numbers  of  granules,  which  lost  their  regular  arrange- 
ment in  water  and  exhibited  molecular  motions.  By  this  means,  and  also  by 
rolling,  I  satisfied  myself  that  the  granules  were  not  attached  externally  to,  but 
contained  within,  the  cells ;  I  could  discover  no  other  more  remote  nucleus  to 
any  of  these  cells.  1  also  found  cells,  in  the  dark  spot,  and  here  they  contained 
still  larger  quantities  of  granules,  and  lay  one  upon  another.  Between  these  cells 
containing  grannies,  numbers  of  other  smaller  dark  globules  were  perceived, 
composed  of  clusters  of  cohering  yplk-granules,  but  surrounded  by  no  particular 
covering;  as  these  could  be  distinguished  agglomerated,  it  was  impossible  that 


Fig.  LXIX. 
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Fig.  LXIX.  Granular  cells  of  the  germinal 
membrane  of  the  last  figure,  more  highly  mag- 
nified, a.  Larger  cells ;  b,  smaller  cells ;  c,  gra- 
nular globules  without  cells ;  d,  cells  of  the 
embryonic  spot;  e,  granules  from  ruptured 
cells. 


Fio.  LXX. 


A© 


Fig.  LXX.  Ovum  of  the  dog,  from 
the  uterus,  but  as  yet  unconnected 
with  it,  fourteen  days  after  the  first 
and  eleven  days  after  the  second  ac- 
(fess  of  the  male.  A,  the  ovum  of  its 
natural  size ;  fi,  the  ovum  seen  under 
the  lens.  The  rings  of  vitellary  gra- 
nules have  disappeared;  the  dark 
granular  mass  a,  the  embryonic  spot, 
has  enlarged ;  b,  the  vitellus ;  c,  the 
chorion,  which  has  become  compa- 
ratively much  thinner,  and  probably 
from  the  imbibition  of  fluid  appears 
at  some  considerable  distance  from 
the  yolk. 
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to  which  the  various  stages  in  the  development  are  referred  is 
usually  that  of  the  last  intercourse ;  but  these^  as  has  been  already 

they  could  have  been  cells,  the  inTesting  membrane  of  which  had  been  accidentally 
torn ;  for  as  soon  as  any  true  cell  was  ruptured,  the  included  granules  were  im- 
mediately dispersed  in  the  surrounding  water.    (Vide  fig.  LXIX.  which  gives  a 
more  highly  magnified  view  of  the  cells  of  figure  LXVIII.)    We  now  approach 
the  form  described  by  you  {Beitr,  z,  GeicA.    d.  SSeug.  tab.  I.  ^g,  8  and  9.) 
and  others,  of  which  I  therefore  only  send  the  representation  (fig.  LXV  and 
LXX.).    As  the  ovum  continues  to  grow  continually  by  the  absorption  of  fluid, 
the  granular  rings  of  the  second  inner  covering,  which  is  constantly  becoming 
more  conspicuous,  separate  more  and  more  from  one  another,  and  the  ovum 
assumes  an  oval  form.    Although  the  ovum  has  now  attained  its  resting-place, 
BtiU  it  is  by  no  means  firmly  attached :  at  this  stage  thb  ovimi  is  more  readily 
detected  and  easily  observed.    I  have  paid  the  greatest  attention  to  the  granolar 
cumulus;   it   unquestionably  lies    within   the  second  envelope.     Upon  one 
occasion  I  thought  I  had  detected  the  germinal  vesicle  in  it,  but  I  soon  satif- 
fied  myself  that  this  was  not  the  case.    The  granular  cumulus  consists  entirely 
of  an  aggregation  of  granules,  which  leave  a  depression  in  the  middle,  around 
which  the  mass  is  disposed  like  a  wall.    Vide  ^g,  LXV.  A  and  B,  and  ^g.  LXX. 
A,  B.    The  former  is  an  ovum  fourteen  days  after  the  first  intercourse  known  to 
me,  eleven  days  after  the  last ;  il  is  the  natural  sise,  B  the  same  object  as  seen 
under  the  simple  lens ;  the  granular  rings  have  disappeared ;  in  their  stead,  and 
within  the  inner  envelope,  under  a  power  of  250  (fig.  LXVL),  nothing  but  cells 
are  seen,  and  these  so  closely  set  together  that  they  mostly  show  as  six-sided 
figures.    In  the  centres  of  these  cells  there  are  small  nuclei  contained,  and  in 
addition  and  between  them  an  irregular  granular  matter.     Midway  between 
them  is  the  wall-like  granular  cumulus.    The  outer  envelope  of  the  ovum  was 
extremely  fine  and  delicate.    I  take  it  there  can  be  no  doubt  but  that  this  outer 
envelope  is  the  attenuated  much-distended  zona  pellucida  of  the  ovarian  ovum, 
which  is  now  known  under  the  name  of  the  chorion.    The  inner  covering  is  a 
product  of  development,  but  not,  as  it  seems,  by  any  apposition  or  coalition  of 
the  vitelline  granules,  for  these  are  still  present  and  conspicuous  in  the  granu- 
lar rings  after  the  formation  of  the  membrane.    As  it  is  in  this  that  the  granular 
cumulus  is  contained,  from  which  the  development  of  the  embryo  proceeds,  it 
ought  to  be  called  the  germ-vesicle — ^the  later  umbilical  vesicle." — "  When  I 
place  my  earlier  in  contrast  with  these  my  later  observations.  I  imagine  the  pro- 
cess of  the  formation  of  the  cells  to  be  as  follows : — ^The  yolk-granules  first  cluster 
into  small  globular  masses  (ittic2et),  which  then  become  surrounded  by  a  cell. 
With  the  growth  of  the  cell  the  granules  separate  from  each  other,  become 
grouped  into  concentric  rings,  and  in  their  turn  form  the  nuclei  oT  new  cells, 
until  at  length  each  yolk-globule  becomes  surrounded  with  a  cell,  and  so  the 
blastoderma  is  engendered,  as  in  fig.  LXV  and  LXVI.  where  each  cell  incloses  a 
simple  nucleus.    In  figures  LXVIII  and  LXIX,  the  cells  are  still  few  in  number, 
and  consequently  there  are  many  granules  in  each  cell ;  in  fig.  LXX.  the  cells 
are  more  numerous  and  the  nuclear  granules  fewer ;  in  figures  LXV  and  LXVL 
the  cells  are  still  more  numerous,  and  each  contains  but  a  single  nucleus.   Were 
we  to  extend  this  process,  the  alterations  observed  in  the  form  of  the  yolk  would 
be  perhaps  found  to  be  due  to  it ;  all  the  yolk-granules  being  inclosed  first  in 


FIRST   TRACES   OF  THE    EMBRYO.  153 

stated,  are  very  variable.  On  the  twelfth,  or  from  that  to  the  six- 
teenth day,  the  ovum,  which,  from  its  originally  rounded,  has 
ah^eady  assumed  an  oval  form,  begins  to  be  drawn  out  at  both 
poles,  and  to  appear  somewhat  pointed  or  lemon-shaped  (fig. 
LXXL) ;  it  is  about  three  lines  in  length,  and  half  as  much  in 
thickness ;  the  external  membrane,  or  chorion,  is  still  smooth ;  the 
mtemal  vesicle  is  oval,  and  in  its  middle  presents  a  clear  pear- 

• 

two,  then  in  four,  then  in  eight  cells,  and  so  on,  until  each  at  length  comes  to 
have  its  own  cell,  which  coalescing  with  one  another  the  blastoderma  is  pro- 
dooed  as  a  preliminary  to  the  appearance  of  the  embryo.  These  cells  are  of 
Tarioos  sixes ;  in  figs.  LXVIII.  and  LXIX.  the  greater  number  measured  from 
the  0,0014  to  the  0,0018  of  a  Paris  inch ;  some,  however,  no  more  than  the  0,0008 
of  a  Paris  inch.''  These  excellent  observations  of  Dr.  Bischoff  give  a  clear  in. 
sight  into  the  earliest  formative  relations  of  the  germ,  and  with  a  few  modifi- 
cations  may  undoubtedly  be  applied  to  the  germ  of  the  bird  (§47  and  §  84,  where 
the  subject  is  the  histological  or  structural  development),  and  of  the  human  ovum ; 
they  may  be  viewed  as  fruits  of  Schwann's  discoveries  in  regard  to  the  cellular 
structure  of  the  tissues  in  both  kingdoms  of  nature.  ["  In  the  ovum  arrived  in 
the  uterus,  a  layer  of  vesicles  makes  its  appearance  on  the  whole  of  the  inner 
80T&ce  of  the  membrane  which  now  invests  the  yolk.  The  mulberry-like  struc- 
ture [the  embryonic  spot]  (which  had  been  formed  by  the  successive  evolution 
and  aggregation  of  nucleated  cells),  then  passes  from  the  centre  of  the  yolk  to 
a  certain  part  of  that  layer  (the  vesicles  of  the  latter  coalescing  with  those  of  the 
former,  where  the  two  sets  are  in  contact,  to  form  a  membrane — the  future 
amnion),  and  the  interior  of  the  mulberry-like  structure  is  now  seen  to  be  occu- 
pied by  a  large  vesicle  containing  a  fluid  and  dark  granules.  In  the  centre  of 
the  fluid  of  this  vesicle  is  a  spherical  body,  composed  of  a  substance  having  a 
finely-granulous  appearance,  and  containing  a  cavity  filled  with  a  colourless  and 
pellucid  fluid.  This  hollow  spherical  body  seems  to  be  the  true  germ.  The 
▼eside  containing  it  disappears,  and  in  its  place  is  seen  an  elliptical  depression 
filled  with  a  pellucid  fluid.  In  the  centre  of  this  depression  is  the  germ,  still 
presenting  the  appearance  of  a  hollow  sphere." — "  The  germ  next  separates  into  a 
central  and  peripheral  portion,  both  of  which,  at  first  appearing  granulous,  are 
subsequently  found  to  consist  of  vesicles.  The  central  portion  of  the  germ 
occupies  the  situation  of  the  future  brain.  From  the  region,  occupied  by  the 
germ,  there  issues  a  hollow  process,  which,  enlarging,  comes  to  line  thcf  inner 
surface  of  the  ovum  or  membrane,  that  enters  into  the  formation  of  the  amnion, 
and  that  corresponds  to  the  sertnu  Idmina  of  authors,  the  lining  itself  represent- 
ing the  incipient  state  of  the  subsequent  vascular  lamina  of  the  umbilical  vesicle, 
a  lamina  continuous  with  the  structure  which  corresponds  to  the  area  vaseulosa 
of  authors  on  the  bird.  There  does  not  occur  in  the  mammlferous  ovum  any  such 
phenomenon  as  the  splitting  of  a  germinal  membrane  into  the  so-called  serous, 
tatadar,  and  mucous  laminm.  Nor  is  there  any  structure  entitled  to  be  denominated 
a  germinal  membrane  j  for  it  is  not  a  previously  existing  membrane,  which  origi- 
nates the  germ,  but  it  is  the  previously  existing  germ,  which,  by  means  of  a 
hollow  process,  originates  a  structure,  having  the  appearance  of  a  membrane. 
From  M.Barry.    R.  W.] 
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shaped  space^  the  germinal  area  (fig.  LXXI.  B,  c)^  which  is 
bounded  externally  by  the  vascular  area,  with  its  still  large  (and 
more  conspicuous)  granules ;  the  primitive  streak  or  trace  is 
at  the  same  time  discovered  (fig.  LXXI.  B,  c,  fig.  LXXII.  a) ;  a  little 
later,  in  ova  of  four  lines  in  length,  which  are  completely  lemon- 
shaped  in  their  outline,  the  transparent  germinal  area  is  longer 
and  more  fiddle-shaped,  the  chorda  dorsalis  with  the  enlargement 
towards  its  cranial  end,  and  the  two  laminae  dorsales,  are  all 
expressed;  the  dorsal  laminae  unite  first  in  the  middle  line  of  the 
future  back,  but  before  this  happens  the  vertebral  laminae  have 
made  their  appearance  as  four-cornered  dark  spots;  this  takes 
place  on  the  seventeenth  or  eighteenth  day,  when  the  embryo  is 
about  two  lines  in  length.  After  the  coalition  of  the  dorsal 
laminae,  the  embryo,  which  lies  with  its  long  axis  in  the  line  of  the 
transverse  axis  of  the  elongated  ovum  and  uterus,  begins  to  bend 
in  upon  itself,  the  head  first,  and  then  the  tail  tending  downwards; 
at  this  epoch  it  is  also  becoming  more  and  more  distinct  firom  the 
blastoderma,  which  has  now  grown  around  the  whole  yolk  as  an 
elongated  bladder  or  vesicle,  and  separated  gradually  as  the  umbi- 
lical vesicle  from  the  intestinal  canal  already  in  the  course  of  evo- 
lution, but  is  still  in  firee  communication  with  the  boat-shaped 
abdominal  cavity  of  the  embryo,  and  is  covered  with  a  veiy 
abundant  network  of  vessels.  At  this  time — about  the  twentieth 
day — the  ovum  (fig.  LXXIII.)  is  ten  lines  in  length,  the  embryo 
(fig.  LXXIII.  a)  somewhat  more  than  three.  The  chorion  has 
pushed  forth  small  cylindrical  shaggy  processes  or  villi,  but  it  is 
still  smooth  and  transparent  at  that  part  where  the  embryo  lies 

Fig.  LXXI. 

Fig.  LXXI. — An  ovum  from  a  bitch  the  seventeenth  day  after 
<(^A.  the  last  access  of  the  male;  the  chorion  is  seen  already  to  pre- 
sent the  figure  of  a  lemon.  A^  the  ovtun  of  the  natural  sice ;  B, 
the  ovum  slightly  magnified ;  a,  the  chorion ;  b,  vitellus,  upoa 
the  surface  of  which,  and  appearing  through  the  membranesi 
the  pear-shaped  area  pellucida,  and,  unless  I  am  mistaken,  the 
nota  primitiva  or  primary  streak,  e,  are  seen. 


Fig.  LXXII. 


Fig.  LXXII.— Ovum  of  the  bitch,  after  Prevost  and 
Dumas  {Ann.  dea  Sc.  Nat.  1825,  t.  iii.  tab.  5).  The  primary 
streak,  or  perhaps  the  chorda  dorsalis,  is  perceived  in  the 
middle  of  the  p3rriform  area  pellucida,  which  is  sur- 
rounded by  the  more  egg-shaped  area  vasculosa. 
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under  it  upon  the  bUstoderma  and  umbilical  vesicle  (fig.  LXXIV. 
A],  although  at  a  later  period  it  also  produces  villi  in  this  situa- 
tion ;  at  both  poles,  however,  it  always  remains  smooth  and  without 
villi ;  the  vessels  are  seen  proceeding  from  the  embryo  to  the  bias- 
toderma  as  the  omphalo-mesenteric  trunks  (fig.  LXXIV.  c,  c,  c)  and 
forming  a  rete  or  network  upon  the  umbilical  vesicle.  The  dorsal 
laminK  have  coalesced  through  their  entire  length;  posteriorly 
(fig.  LXXIY.  B.  d)  they  still  continue  a  little  way  apart,  so  that  here 
B  Uncet-shaped  space  remains,  as  in  the  chick  (fig.  XXXVI.  at/) ; 
the  biain  and  spinal  cord  are  formed,  the  former  appearing  divided 
mto  many  veucles  or  cells ;  the  number  of  vertebral  lamins  has 
increased;  the  eye  and  the  ear  are  indicated.  The  abdominal 
laminie  have  been  sent  off  from  the  dorsal  lamins,  and  converge  to 
effect  the  closure  of  the  cavity  of  the  body ;  three  branchial  fis- 
Bures  and  the  same  number  of  arches  are  obvious  (fig.  LXXV.  b. 


Tig.  LXXIII.— Ovum  of  the  bitck  twenlr-thrM 
days  from  the  last  accM*  of  the  male.  The  chiK 
rion,  e,  e,  baa  already  shot  forth  bttle  villi,  which, 
bovever,  ws  wanting  at  utbcr  end,  b,b,  of  the 
1,  and  alao  over  the  place  where  the  embryo  ia 
Object  of  the  natural  aiie. 


T}%.  LXXIT.— jf  and  B,  magnifled  views  of  portions  of  the  tame  ovnm  and 
"nbrfo.  B,  e\  ia  the  choiion  removed  from  the  embrjo  and  reflected  up wardi. 
'i  ',  c,  c,  A  and  B,  the  arteriea  of  the  gennintd  membrane ;  a.  A,  chorda  dor- 
'^i  d,  B,  inferior  lancet -ahaped  extremity  of  the  apinal  marrow.  Vide  Sg. 
aXXVI.  and  compare  the  embryo  of  the  fowl  with  this. 
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fig.  LXXVII,  c,  e,  c) ;  the  upper  lajrer  of  the  serouB  lamina  has 
been  raised  to  form  a  cranial  aad  caudal  involucrum,  aad  originates 
an  amnion,  which  in  the  first  instance  surrounds  the  embryo  veiy 
closely  (fig.  LXXVI.)  as  a  serouB  envelope.    The  heart  and  vesaels 

Fi8.  LXXV. 


Pig.  LXXV.— The  same  embiyo  itill  moit 
highljr  magnified,  and  seen  from  the  abdomiiuJ 
taped ;  a,  vertex ;  b,  b,  brancbis- ;  e,  heart,  ap- 
pearing aa  a  contorted  pouch ;  if,  d,  veina  of  the 
germinHl  laembrane ;  /,/,  arteriei  of  the  sane, 
;  k,  k,  genniDsl 


Fig.  LXXVI— Embryo  of  the  dog  of  the 
third  week,  magnified ;  after  Baer  {Be  Oei 
Mammal.  Oauii,  vii ) ;  a,  6,  c,  jr,  ibe  am- 
nion; at  the  cun-e  of  the  tail,  ».  (i>e 
allaotois,  i,  is  seen  as  a  minnte  vesicle ;  K 
the  heart,  from  which  springs  the  aorta,  i, 
with  its  hnlbouB  enlargement,  k,  from  «^ich 
arise  the  four  arteries  of  the  branchiil 
arches,  1,  3,  3,  4,  that  afterwards  unite  aod 
form  Uie  abdominal  aorta, /;  fli,  the  auditory 
orgaai  a,  thecorporaquadrigemina;  o,tbt 
eye. 
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have  now  formed  in  the  vascular  lamina ;  the  heart  in  the  first  in- 
stance appears  as  a  twisted  canal  (fig.  LXXVI.  h,  fig.  LXXV. 
€j  and  fig.  LXXVII.  d)\  at  the  under  side,  where  the  future 
atrium  is  formed,  it  receives  two  omphalo-mesenteric  veins  (fig. 
LXXV.  dy  d),  and  in  the  situation  of  the  future  bulbus  aortse  it 
divides  into  four  vascular  arches  (fig.  LXXVI.  1,  2,  3,  4)  which 
first  unite  into  the  aorta,  again  divide,  run  down  near  the  vertebral 
column,  and  give  off  transverse  branches,  the  arteriae  omphalo- 
mesentericse  (fig.  LXXV.  f^f),  which,  with  the  corresponding 
veins  of  the  same  denomination,  form  a  network  over  the  surface  of 
the  blastoderma  and  umbilical  vesicle.  The  allantois  springs  firom 
the  inferior  end  of  the  intestinal  canal,  in  the  shape  of  a  little 
vesicle  (fig.  LXXVI.  z).  The  yolk  becomes  more  and  more  fluid 
every  day  within  the  umbilical  vesicle,  and  contains  numerous 
drops  of  oil.  On  the  inner  aspect  of  the  uterus  the  vessels  enlarge 
in  size  and  increase  in  number,  and  an  exudation  ensues  which 
acquires  a  membranous  consistence ;  this  is  the  decidua,  which  con- 
sists for  the  most  part  of  epithelial  cells,  connected  by  means  of  an 
albuminous  matter  and  vessels ;  into  this  lining,  or  covering,  as  the 
uterus  or  ovum  is  considered,  the  villi  of  the  chorion  shoot  and 
grow.  The  allantois  increases  rapidly  in  size,  soon  grows  around 
or  encircles  the  whole  embryo  with  the  umbilical  vesicle,  carries 
two  arteries  firom  the  aorta  with  it,  and  is  composed  of  an  external 
vascular,  and  an  internal  mucous  layer ;  it  is  in  contact  with  the 
chorion  almost  in  the  entire  circumference  of  the  ovum,  with  the 
exception  of  the  two  poles,  which  are  without  villi,  and  thus  forms 
the  endochorion,  or  inner  layer  of  the  chorion ;  its  vessels  also 
grow  into  the  cylindrical  villi,  the  blood  of  the  arteries  that  pene- 
trate these  returning  by  corresponding  veins,  which  collect  into  a 
trunk  that  terminates  in  the  inferior  vena  cava;  it  is  thus  that  the 
umbilical  vessels  are  produced,  when  the  particular  vascular  system 
of  the  germinal  membrane  and  umbilical  vesicle  becomes  obliterated. 


Fio.  LXXVII. 


Fig.  LXXVIL-^Same  embryo  as  in  fig. 
LXXV.  from  the  side :  a,  eye ;  6,  ear;  c,  c, 
c,  branchie;  d,  heart;  e,  e,  trunk  of  the 
aorta  Compare  with  this  figure,  that  of 
Baer,  fig.  LXXVL,  and  those  of  the  embryos 
of  the  fowl,  already  given  (figs.  LXXIIL — 
LXXV.  and  this,  are  after  original  drawings 
by  Bischoff.) 
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A  placenta — a  masB  formed  of  the  deddua  and  the  uterine  vessels 
which  grow  into  it  on  the  one  hand,  and  of  the  umbilical  vessels  of 
the  embryo  on  the  other,  these  two  syBtems  of  vessels  not  coiomu- 
nicating  together,  however, — Burrounds  the  embryo,  at  a  later  pe- 
riod, in  the  form  of  a  belt.  The  chorion  soon  ^ves  way  at  both 
poles  of  the  ovum,  and  the  umbilical  vesicle  escapes  through  the 
rent,  and  forms  a  hernial  sac  on  either  side,  so  that  the  ovum  now 
assumes  a  cylindrical  shape.  In  the  foiuth  week  the  branchial 
fissures  are  closed  (fig.  LXXVIII.),  the  extremities  have  budded 
aa  little  flattened  offsets  from  the  abdominal  laminee  («,  o) ;  the 
heart  {a)  has  now  acquired  its  different  ports ;  the  intestine  is 
drawn  out  towards  the  umbiUcal  vesicle,  as  a  fine  continually  de- 
creasing and  finally  filiform  canal  {g) ;  the  lungs  (c)  and  the  hver 
{d),  originally  oflsets  from  the  intestine,  have  now  become  distinctly 
separated  from  it;  the  Wolffian  bodies,  or  false  kidneys  (k,k), 
occupy  the  rest  of  the  abdominal  cavity  lengthwise,  and  now  ap- 
pear as  two  B3rmmetrical  bodies  placed  on  either  side  of  the  verte- 
bral column ;  there  is  still  no  visible  trace  of  the  kidneys  and  sexual 
oi^ans ;  the  tail  (p)  is  already  well  developed '". 

"*  The  account  of  the  derelopment  of  the  chick  during  the  Erst  &vt  dip 
(§  49 — §  50]>  and  the  fignrea  annexed,  ought  to  be  contrasted,  step  by  itep,  ^^ 
the  details  juit  given.  In  iUuitration  of  these  the  observations  of  Biechoff  (vide 
his  MS.  eipknationa  of  figs.  LXXIII.  LXXIV.  LXXV.  and  LXXVII.  in  not.. 
to  §  70},  and  the  researches  of  Prevoat  and  Dumaa  (Aim.  des  Sc.  Nat.  iii-),  "f 
BaerCD«  OriJIfinn.  el  Mom.  Oen.  tl  EniioickelKiigisttekiclitt,  ii.  p.  313),  ofGurll 
(JUoBaol  qf  Pkyiiobtgy  <^  our  Dometlie  ManmaUa,  1837),  of  Coste  (Emt^yoj^,  i. 
ags),  of  Bojanns  {in Nov.  Ad,  Aead.  Wot.  CW.  z.p.  Ill), and  myself,  arebroui;))' 
to  a  focus,  a«  it  were,  and  displayed  in  these  figure*  (figs.  LI.  to  LXXXIII-J, 
the  engravings  being  either  from  original  drawings,  or  copied  after  the  wtiters 
mentioned.    These  figures  wiU,  I  trust,  aatis&ctorily  illustrate  the  vet^  difficiit 

Fio.  LXXVIII. 


Kg.  LXXVIII.  —  Embryo  of  the  dog. 
after  Coste  {Embryoff^ie   nBmparie,  t  it. 

f.  9),  presumed  to  be  twenty-four  days  old, 
magnified  three  times :  a,  heart ;  h,  wind- 
pipe; e.lungi  i(,li¥eri  e,/,the  twoportiona 
of  intestine  which  are  in  eommunicatian,  it 

g,  with  the  umbilical  vesicle;  i, sUantoii; 
i,  mesentery;  k,k,  corpora  Wolffiana;  *t 
anterior  extremity ;  o,  posterior  extremity. 
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pcHDts  in  the  early  stages  of  development  among  the  mammalia.  The  fonn  in« 
termediate  between  those  represented  figs.  LXV.  and  LXXI.  ap]jear8  to  have  been 
observed  by  Coste  (EmbtyogenU,  pi.  vx.  fig.  3),  but  his  figure  is  not  sufificiently 
decided,  and  is  therefore  not  made  use  of.  I  have  observed  in  the  rabbit,  that 
the  genninal  membrane  becomes  clearer  at  the  dark  spot — the  embryonic  spot, 
and  first  shows  a  ronnd  transparent  germinal  area.  In  the  dog  the  ovum  appears 
to  pass  very  soon  from  the  ronnd  or  oval,  into  the  ellipsoidal  and  lemon  form ;  I 
observed  it  thus,  for  instance,  in  the  ovum,  represented  fig.  LXXI.  (seventeenth 
day),  in  which  the  germinal  area  has  already  become  pyriform,  and  the  primitive 
strmk  appears  to  be  formed.  Prevost  and  Dumas  represent  the  ovum  of  this  period 


Fio.  LXXIXl 


Fig.  LXXIX. — Embryo  of  the  dog  still  farther  advanced,  after  Bojanus  (Nov, 
Ad.  Acad,  LeopM,  &c.  vol.  x.  p.  140).  The  embryo  is  presumed  to  be  of  the 
twenty-fourth  day  by  the  writer.  A,  the  embryo  included  in  the  amnion ;  ff, 
head ;  b,  tail ;  c,  e,  c,  the  umbilical  vesicle,  become  of  great  length,  with  its  ves- 
sels ;  it  is  covered  at  its  two  extremities,  d,  d^  by  the  chorion,/,/,  which  is  laid 
open ;  e,  e,  allantois,  with  its  vessels.  B,  the  embryo  of  the  natural  size,  from 
the  abdominal  aspect;  a,  heart;  b,  liver;  c, stomach;  d^  stem  or  duct  of  the 
allantois,  called  brachus ;  e,g,  anterior,/,  posterior  extremities ;  1,  diaphragm ;  2, 
cepatic  vein  divided ;  3,  omphalo-mesenteric  vem ;  3,  omphalo^mesenteric  artery ; 
4,  descending  aorta.  C,  intestinal  and  omphalo-mesendc  vessels,  magnified ;  b, 
stomach ;  c,  superior  piece  of  intestine ;  d,  coecum ;  e,  rectum ;  /,  umbilical 
vesicle,  communicating,  at  g,  with  the  intestine ;  2,  omphalo-mesenteric  vein ;  3, 
omphalo-mesenteric  artery,  proceeding  from  the  aorta,  4.  Compare  with  this 
figure  that  of  the  human  embryo  of  six  weeks. 
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u  pyrifonD  (1.  c.  Ub.  v.  fig.  4),  as  if  one  pole  ooly  had  firat  been  drawn  out,  t 
circiunitaace  which  1  have  never  obierred,  and  which  is  perhap*  abnormal.  The 
repreaentBtioD  of  ibe  neit  itage  in  the  development  (fig.  LXXII.)  is  copied  froro 
Prevoat  and  Dumas ;  here  the  germinal  area  i*  already  aomewhat  fiddle-abaped ; 
I  hold  the  streak  here  to  be  the  chorda  dorsahs.  Then  follow  the  figures  from 
Biachoff.  fig«.  LXXIII.  LXXIV.  LXXV.  and  LXXVll.  the  ovum  hnag  at  Ibii 
time  in  the  twenty-third  day.  The  embryo  of  about  three  weeka,  given  by 
Baer,  in  fig.  vii.  of  hit  De  Out  Mam.  fye.  Geneti  (copied  in  our  fig.  LXXVl.),  ig 
evidently  very  nearly  at  the  same  period  of  its  evolntioo  ;  the  ovum,  the  fignreof 
which,  after  Coste,  is  copied  in  our  fig.  LXXVIII.  is  certiunly  farther  advanced ; 
apparently  it  has  reached  the  twenty-fourth  day.  We  have  next  the  very  clear 
and  carefully  drawn  figure  of  Bojauus,  of  an  ovum  and  embryo  of  the  dogof  the 
twenty. fourth  day,  which  is  copied  in  our  fig.  LXXIX.  A,  B,  C.  For  foither 
illustration  of  the  subject,  and  by  way  of  comparison,  I  have  added  figures  of  tbe 
embryo!  of  different  animals  to  the  close  of  this  period,  which  may  be  assumed 
to  correspond,  as  nearly  as  possible,  to  the  first  four  weeks  of  the  human 
embryo.  Fig.  LXXXI.  is  the  embryo  of  a  rabbit;  fig.  LXXXII.  that  of  asheep, 
after  Costs.  The  two  embryos  of  the  mole,  fig.  LXXX.  A  and  B,  are  about  is 
far  advanced  as  the  most  forward  embryo  of  the  dog  given  in  fig.  LXXIX.  ud 


Fig.  LXXX.— Embryo  of  the  common  mole  (Jaipa  Eart^Ma)  three  Unes  in 
length,  drawn  under  Uie  simple  lens :  A,  the  embryo  entire ;  B,  the  embryo  witb 
the  abdomen  laid  open ;  a,  the  chorion ;  b,  pedicle  of  the  allantois  and  umbilical 
Tesselai  e,  umbilical  vende  and  its  duct;  the  omphalo- mesenteric  duct,  d;  ', 
gastric  portion  of  the  intestine  i/.intestinum  rectum;  g,  the  small  but  distinctly- 
marked  eye  i  h,  branchial  arches  disappearing ;  t.  auditory  vesicle ;  k,  tntoior. 
and,  /,  posterior  extremity ;  n.  Wolffian  bodies  of  the  left,  n.  of  the  right  nde : 
o,  the  still  simple  rudimentary  lung  sessile  on  the  trachea.^ ;  q,  ventricle,  and  r, 
atrium  of  the  heart.  The  several  divisions  of  the  brain,  the  nasal  aperture,  the 
mouth,  &c.  are  depicted  in  A. 
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Researches  on  the  human  Embryo  in  the  earliest  periods. 
§  72.  Good  descriptions  and  representations  of  the  human  em- 
bryo^ within  the  first  month  from  conception^  are  very  scarce 
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the  smallest  human  embryo,  figs.  LXXXIV.  and  LXXXV.  Id  fig.  LVII.  the 
embrjo  of  a  lizard,  with  the  branchial  fissures  closing,  and  the  extremities  bud- 
ding forth,  is  given  for  the  sake  of  comparison;  the  correspondence  in  point 
of  appearance  between  the  embryos  of  birds  and  mammalia  of  the  same  periods 
is  very  obvious. 

*^  Among  the  many  descriptions  and  figures  that  have  been  given  of  ova  of  the 
first  month,  I  have  scarcely  met  with  one  or  two  that  seem  calculated  to  convey 
correct  ideas  of  the  state  of  the  development  at  this  period.  By  much  the  clearest 
and  most  beautiful  representations  with  which  I  am  acquainted,  are  those  given 
in  figs.  LXXXV.  and  LXXXVL,  and  referred  to  in  the  text  as  types  of  the  deve- 
bpment  of  the  embryo  at  their  respective  periods, — the  third  and  the  fourth 

Fio.  LXXXI. 


Fig.  LXXXI. — Magnified  embryo  of  the  rabbit,  after 
Coste  {JEmbryogSnie,  pi.  vii.  fig.  4) :  the  abdomen  is  still 
widely  open,  the  vertebral  column  shining  through  $ 
a,  the  heart,  receiving  the  veins,  6,  6,  of  the  germinal 
membrane ;  c,  head ;  d,  tail. 
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Fig.  LXXXIL— Embryo  of  the  sheep 
of  the  twenty-fourth  day,  magnified  four 
diameters,  after  Ck)ste  [Embryog^te,  pi. 
vii.) :  the  allantois,  a,  a,  a,  is  only  repre- 
sented as  it  arises;  b,  pedicle  of  the 
vesicula  umbilicalis ;  c,  c,  c,  amnion,  stiU 
lying  very  close ;  d,  fore,  and  e,  hind 
extremity ;  /,  Wolffian  body ;  g,  noose 
of  intestine ;  h,  pedicle  of  the  allantois ; 
t,  the  right  vena  umbilicalis ;  k,  liver ;  /, 
heart. 

N.  B.  These  latter  figures,  from 
LXXIII.  to  LXXXII.  are  adapted  for 
comparison  with  those  of  the  human 
embryo,  fig.  LXXXI H.et  sequent. 
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it  is  true  indeed  that  we  have  many  accounts  of  diseased  ova,  of 
monstrous  or  distorted  embryos  of  this  period ;  but  instead  of  aiding 

week.  The  smaller  embryo,  which  measures  but  two  lines  in  length  (fig. 
LXXXIV.  LXXXV.  and  LXXXV.  A),  was  examined  by  me  so  long  ago  as  1831. 
The  decidua  surrounding  the  ovum  presents  itself  as  a  bladder  closed  on  every 
side  (fig.  LXXXIIL),  and  was  perfectly  normal,  slightly  shaggy  externally,  and 
without  doubt  had  been  connected  by  means  of  its  villi  with  the  uterus.  The 
various  details,  which  are  given  with  the  greatest  fidelity  in  the  figures,  repre- 
sent, as  I  conceive,  the  entirely  normal  development;  the  embryo,  however, 
from  its  condition,  must  have  died  some  short  time  before  abortion  took  place. 
The  anterior  cerebral  vesicles  and  the  upper-jaw  are  proportionally  somewhat  too 
large ;  but  these  appear  to  be  the  only  parts  that  are  not  thoroughly  normaL 
Very  similar  to  this  embryo  appears  to  be  the  one  described  by  Miiller  in  his 
Archie  for  1834  ;  the  ovum  and  embryo,  however,  were  somewhat  larger  than 
mine ;  the  chorion  was  between  seven  and  eight  lines,  the  embryo  two  lines  and 
a  half,  in  their  long  diameters.  The  umbiUcal  vesicle,  a  line  and  a  half  in  length, 
as  in  the  embryo  figured  by  me,  also  went  quite  wide  over  into  the  intestine,  the 
place  of  the  future  pedicle  being  only  indicated  by  a  slight  constriction ;  the 
amnion  lay  immediately  and  closely  upon  the  embryo.  According  to  Miiller,  this 
ovum  was  either  thirty-four  or  thirty-nine  dajrs  old ;  the  latter  he  holds  the  more 
probable  age ;  intercourse  had  taken  place  on  the  2nd  December,— on  the  25th,  the 
expected  menstrual  period  was  missed.  On  the  27th,  intercourse  again  took 
place,  and  on  the  5th  of  January  the  ovum  was  thrown  oflT.  I  am  ficmly  per- 
suaded, along  with  Baer,  Entwickehmgsgesehichte,  ii.  270,  that  this  ovum  was 
ttoenty-one  days  old, — from  the  5th  to  the  27th  of  December,  and  that  the  second 
intercourse  detached  it.  The  fcetus  described  and  figured  by  Miiller,  in  Meckel's 
Archiv  for  1830,  tab.  xi.  fig.  11.,  is  of  singular  beauty  and  quite  normal.  I 
have  given  a  copy  of  this  foetus  in  Bg.  LXXXV  J.  A,  of  the  natural  size,  B,  en- 
larged, and  in  C  have  added  a  view  of  it  still  surrounded  by  its  membranes,  as 
these  must  have  existed  according  to  the  laws  of  analogy  and  the  numerous  ob- 
servations which  I  have  made  on  other  occasions.  My  object  in  this  was  for 
the  sake  of  comparison  with  Bg,  LXXXV.  A,  All  the  older  representations  of 
embryos  at  this  early  period  are  valueless,  partly  from  want  of  the  requisite  atten- 
tion to  detail,  and  partly  from  the  defective  state  of  knowledge  in  regard  to  the 
import  of  the  several  parts  and  their  mutual  relations. — Vide  a  list  of  such 
figures  in  Burdach,  Physiol,  ii.  449.  Those  of  Soemmerring,  Pockels,  Kieser, 
Meckel,  and  Hunter,  I  regard  as  being  from  foetuses  that  have  either  suffered 
from  disease,  or  are  actual  monstrosities.  By  this,  I  do  not  mean  to  say  that 
the  study  of  such  abnormal  embryos  is  of  no  interest  in  a  physiological  point  of 
view ;  on  the  contrary,  many  parts  often  exist  quite  normal  in  their  formation, 
though  others  may  be  very  much  the  reverse.  Baer,  for  instance  {EnhoickeL 
ii.),  has  figured  and  described  many  embryos  at  an  early  period  that  are  gene- 
rally monsters ;  but  the  intimate  knowledge  of  development  possessed  by  this 
writer  has  enabled  him  to  describe  things  correctly  and  according  to  the  standard. 
The  writer  just  quoted  has  some  excellent  observations  on  this  subject  in  Sie- 
hold's  Journal,  xlv.  401,  with  plates.  [The  reader  is  further  referred  to  a  highly 
interesting  paper  by  Dr.  Allen  Thomson,  in  which  descriptions  are  given  of  three 
very  early  embryos  examined  by  him,  in  the  J^.  Med,  and  Surg,  Journal,  for 
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US  or  advancing  our  knowledge  of  the  earlier  periods  of  develop- 
ment in  the  human  subject,  these  accounts  are  even  generally  cal- 
culated to  mislead,  and  it  is  therefore  well  to  regard  the  greater 
number  of  them  as  of  no  kind  of  value  ^*\  Some  have  said  that 
they  had  found  ova  in  the  tubes,  or  on  their  very  first  entrance  into 
the  uterus,  and  before  the  separation  of  the  embryo  from  the  germi- 
nal membrane  ^*' ;  but  all  statements  of  this  kind  yet  in  existence 
are  in  the  highest  degree  unsatisfactory.  The  smallest  ova  hitherto 
observed  in  the  uterus,  or  thrown  off  by  abortion,  which  in  the 
present  state  of  knowledge  in  regard  to  the  history  of  development 
can  be  allowed  to  be  normal  in  their  formation,  or  even  as  departing 
but  a  little  from  the  rule,  have  been  about  three  weeks  old.  Such 
ova,  still  surroimded  by  the  decidua  (figs.  LXXXIII.  LXXXIV. 

Jnlfy  1839.  R.  B.  T.  And  to  an  account  of  a  human  ovum  described  by  T. 
Wharton  Jones  {Philos,  TVans.  IB37),  which  is  probably  the  earliest  that  has 
yet  been  seen ;  certainly  earlier  than  either  three  or  four  weeks,  the  period  which 
Mr.  Jonesy  following  Dr.  M'Kenzie^  assigned  to  it.    R.  W.] 

^'  The  subject  of  diseased  ova  and  malformed  embryos  will  be  taken  up  far. 
ther  on  in  tlda  work.  Meantime,  I  may  say,  that  after  much  inquiry  I  find  an 
effusion  of  blood  into  the  decidua,  on  the  formation  of  the  reflexa  and  serotina, 
to  be  the  primary  cause  of  the  death  of  the  embryo  in  the  majority  of  cases. 
When  this  has  occurred,  ova  may  still  go  on  increasing  for  some  considerable 
time,  as  Meckel  remarked,  though  the  embryo  makes  no  further  progress ; — a 
fact  which  accounts  for  the  usual  immense  disproportion  in  aborted  ova  between 
the  size  of  the  envelopes  and  the  little  misshapen  and  sometimes  totally  wanting 
embryo.  Velpeau  has  given  a  collection,  and  in  this  point  of  view  a  very  inte- 
resting collection  of  figures  of  monstrous  ova  and  embryos. — Embryologie  Hu" 
suttM,  Paris,  1833.  But  the  views  which  he  and  many  others  have  adopted  from 
the  study  of  such  abortions,  in  regard  to  the  allantois,  the  formation  of  the 
amnion,  &c.,  are  altogether  erroneous. 

1^  The  well-known  accounts  which  we  have  from  Home  and  Bauer  and  others, 
of  ova  found  in  the  tubes,  or  at  an  extremely  early  period  in  the  uterus,  and 
vhich  Coste  has  lately  referred  to  and  used  with  so  much  confidence,.  I  hold  to 
be  so  uncertain  that  they  are  altogether  without  value  to  science.  The  early  em- 
bryos and  ova  described  by  Pockels  {Isis,  1825),  I  also  believe  to  be  so  much 
altered  and  so  abnormal  that  they  can  only  be  used  with  the  greatest  reserve. 


Fio.  LXXXIII. 


"Fig.  LXXXIII. — A  perfectly  normal  human  ovum  of  the 
third  week  (about  twenty-one  days  old),  enclosed  in  the 
decidua.    Size  of  nature. 


M    2 
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and  LXXXV.  A,  B),  measure  about  seven  lines  in  length ;  in  the 
naked  chorion  they  are  about  Ave  lines  long.  The  chorion  at  this 
time  18  heset  externally  with  small  cylindrical,  hollow  viUi,  which 
either  do  not  penetrate  the  decidua  at  all,  or  do  so  to  a  very  trifling 
extent.  The  embryo  itself  is  two  lines  long  (fig.  LXXXIV.  the 
natural  size,  fig.  LXXXV.  magnified,  fig.  LXXXV.  A,  with  refer- 
ences, and  fi,  cross-lines  to  indicate  the  natural  size).  It  is  plainly 
surrounded  by  an  amnion  (fig.  LXXXV.  A,  c),  which  lies  loosely 
but  still  pretty  closely  about  it,  and  obviously  proceeds  from  the 
ahdondnal  lanunae.    The  embiyo  is  curved   (in  the  figure  it  is  re- 

Fio.  XXXIV. 

/?j;^ij^i  Tig.  LXXXIV.-The  same  ovnni  lud  open ;  the  embrjo, 

y^Jafi^        about  two  line*  long,  closely  surrouoded  b;  the  amiiion,  it 
^^>*^-^         Been  through  the  division  in  the  cborion. 
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presented  as  brought  forward  from  or  out  of  the  amnion) ;  and 
presents  anterior  cerebral  vesicles  or  hemispheres  {k^)  pretty  well 
developed  (in  the  embryo  figured  they  are  perhaps  abnormally 
large)^  and  considerable  corpora  quadrigemina  {k*)  immediately 
behind  them ;  there  is  the  distinct  appearance  of  an  eye  {r),  and  a 
rounded  ofiset  from  the  medulla  oblongata  indicates  the  acoustic 
yeside  (t) ;  several  branchial  arches  and  fissiu^s  are  also  conspi* 
cuous^  the  last  of  them^  however^  not  yet  completely  formed.  (In 
the  embryo  here  particularly  referred  to  for  example^  the  oral  aper- 
ture may  be  observed  before  the  lower  jaw  {h),  followed  by  two 
branchial  fissures;  the  third  branchial  arch  succeeding  the  last  of 
the  fissures  is  not  yet  completely  detached.)  The  anterior  (/)  and 
the  posterior  (m)  extremities  are  curved  leaf-like  processes,  still  of 


Kg.  LXXXV.— The  same  same  ovum  magnified ;  the  whole  of  the  parts  de- 
signed from  nature.— a,  a.  Chorion  laid  open  and  reflected ;  b,  b,  b,  albuminous 
space  betwixt  the  amnion  and  chorion ;  c,  amnion,  which  is  still  open  from  c^ 
in  front,  to  c*,  behind;  d,  umbilical  vesicle,  communicating  with  e\  the  ventri- 
cular intes^e,  and  c',  the  rectum ;  /,  corpora  Wolffiana ;  g,  heart ;  h,  lower 
jaw;  t,  ear;  ib^  hemispheres;  k\  corpora  quadrigemina;  I,  anterior,  and  m, 
posterior  extremity;  n,  n,  presumed  limits  of  the  lamina  vasculosa  of  the  allan- 
tois;  2\  lamina  mucosa  of  the  allantois;  o,  mesentery;  p,  liver;  r,  eye;  1>  2, 
two  branchial  fissures. 


166  DEVELOPMENT. 

very  small  dimensions.  The  anterior  aspect  of  the  embryo  is 
occupied  by  the  abdomen^  at  this  time  a  long  and  pretty  wide 
cleft  (from  c*  to  c*),  and  still  completely  open,  from  which  the 
amnion  is  reflected  as  the  cranial  and  caudal  involucnu  In  this 
cleft,  but  projecting  beyond  it  in  the  form  of  a  hernia,  lies  the 
heart  (^),  already  of  very  large  relative  dimensions,  and  consisting 
of  a  simple  atrium,  or  auricle  and  ventricle ;  behind  the  heart  is 
seen  the  liver  {p) ;  and  under  the  liver  the  intestine,  which  is 
attached  by  means  of  a  distinct  mesentery  (o).  At  the  part  where 
the  small  intestine  (e^)  and  the  large  intestine  (a*)  meet,  the  canal 
makes  an  extensive  sweep  in  the  umbilical  vesicle  (rf),  which  is 
now  not  much  less  in  size  than  the  entire  embryo.  On  either  side 
of  the  lamina  mesenterica  and  in  contact  with  the  vertebral  column 
a  narrow  elongated  body  (/)  is  observed,  which  exhibits  various 
constrictions,  and  is  composed  of  short  coeca ;  this  is  the  Wolffian 
body  or  primordial  kidney.  From  the  lower  extremity  of  the  in- 
testine a  hollow  sac  or  bladder  (n*),  which  attaches  itself  to  the 
chorion  (a,  a),  and  coalesces  with  its  inner  surface,  is  seen  pro- 
truding :  this  is  the  allantois,  which  presents  itself  as  a  broad, 
flat,  well-defined  bladder,  the  limits  of  which  (A — n)  may  oflen  be 
distinguished  on  the  chorion ;  here  therefore  the  chorion  is  also 
split  into  two  laminae,  of  which  the  inner  lamina,  or  endochorion, 
is  smooth,  the  outer,  or  exochorion,  villous.  The  embryo  together 
with  the  amnion  and  umbilical  vesicle  do  not  occupy  the  entire 
cavity  of  the  chorion ;  there  still  remains  a  considerable  space 
(&,  &),  which  is  filled  with  a  delicate  filamentous  or  arachnoidal 
tissue,  occasionally  also  with  an  albuminous  fluid,  or  a  fluid  that 
strongly  resembles  the  vitreous  humour  of  the  eye. 

Embryos  of  the  fourth  week  (fig.  LXXXVI.  Ay  natural  size, 
By  moderately,  C,  highly  magnified,  and  with  references  to  the 
several  parts,)  are  about  three  lines  and  a  half  in  length.  The 
anmion  {c)  now  surrounds  the  embryo  as  a  capacious  envelope, 
and  has  become  closed  in  front.  The  corpora  quadrigemina  {k*) 
still  form  the  largest  mass  of  the  brain ;  in  front  of  them  lie  the 
hemispheres  (**) ;  and  behind  them  the  cerebellum  (*').  From 
the  medulla  oblongata  the  process  for  the  organ  of  hearing  («) 
projects  conspicuously.  In  the  eye  (r),  the  lens  is  now  obvious, 
and  surrounded  by  the  choroid.  Behind  the  lower  jaw  (A)  there 
are  now  three  branchial  fissures  and  three  branchial  arches,  the 
most  posterior  of  which  is  not  yet  fidly  detached  along  its  hinder 
margin  from  the  lamina  abdominalis.  The  anterior  and  posterior 
extremities  (/,  m),  have  increased  in  size,  and  form  rounded  and 

12 
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alresdf  in  some  slight  degree  detached  leaflets.    The  heart  (jr)  and 
liver  {p)  are  of  considerable  magnitude ;  the  intestine  (e)  rises  in 


.  LXXXVI. 

Fig.  LXXXVI.  — A  very  bewitiful 
embryo  figured  and  dncribed  b;  Jo. 
Miiller,  in  Meckel's  ArcUv,  1S30,  tab. 
id.  A,  DMural  aize.  B,  magnified  view. 
C,  view  Btill  more  highly  magiiified,  with 
the  tnembTaneg  restored,  and  references 
to  the  several  parts.  I  regard  it  as 
about  twcDty-nght  days  old.  (The  re- 
ferences are  mostly  the  same  as  in  the 
last  figore.)  o,  a.  Chorion  laid  opea 
and  reflected ;  b,  b,  b,  albuminous  space 
betwixt  the  smnioii  and  chorion ;  e,  ani' 
nion;  i^  umbilical  resicle  j  d',  pedicle  of 
^he  umbilical  vencle ;  t,  noose  of  intes- 
tine commiini fating  with  (f';  g,  hearti 
A,  lower  jaw ;  i,  ear :  k,  ceiebeUum ;  k ', 
hemispheres  ;  i',  corpora  quadrigemina; 
I,  anterior,  and  m,  posterior,  extremity  j 
n,  point  where  the  allantois  and  chorion 
have  coalesced  ;  «',  umbilical  cord;  p, 
liver;  r,  eye;  1, 3, 3, branchial  fiasures. 
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sharper  loops  from  the  abdomen^  and  the  umbilical  vesicle  {d)  is 
lengthened  out  into  a  long,  hollow,  filiform  pedicle  (rf') — the  duc- 
tus omphalo-mesentericus ;  the  canal  of  the  allantois  (n')  has  also 
become  longer  and  narrower,  but  still  expands  in  the  form  of  a 
funnel  (n)  towards  the  chorion  (a).  The  chorion  internally  is 
smooth;  externally  the  cyhndrical  short  villi  with  which  it  is 
covered  have  begun  to  divide,  and  push  forth  lateral  branches. 
The  space  {b,  b)  between  the  chorion  and  amnion  is  8till  consider- 
able, and  filled  with  the  arachnoidal  tissue,  amid  which  Ues  the 
umbilical  vesicle  {d).  In  embryos  of  the  third  and  fourth  week, 
the  divisions  of  the  vertchrse  are  very  distinctly  marked  (as  in  figs. 
LXXIII.  and  LXXIV.)  along  the  posterior  aspect,  and  the  cauckl 
vertebne  (ossa  coccygis)  and  forehead  are  brought  close  to  one 
another  in  consequence  of  the  curvature  of  the  embryo.  From 
the  account  now  given,  it  la  obvious  that  the  human  embryo  of 
this  period  bears  the  greatest  resenlblance  to  that  of  other  mam- 
malia both  in  its  general  external  characters  and  in  the  form  of  its 
particular  internal  organs  "*. 

Human  Embryo*  of  the  tecoad  month. 

§  73.  The  number  of  descriptions  which  we  possess  of  normal 
human  embiyos  of  the  second  month,  when  the  growth  ia  extremely 
rapid,  is  much  more  considerable.  The  amnion  is  now  widely  sepa- 
rated from  the  embiyo,  which  it  surrounds  as  a  capacious  bladder; 
it  incloses  the  embryo  anteriorly,  and,  investing  the  pedicle  of  the 
allantois  and  umbilical  vesicle,  forms  the  umbihcal  cord,  which  con- 
nects the  embiyo  with  the  allantois,  and  even  now  ia  often  of 
greater  length  than  the  embryo  itself.    The  viUl  of  the  chorion  in- 

'"  Vide  the  rarioua  delineations  of  the  embryos  of  mammalia  in  figs.  LXXVL 
LXXX.  LXXXI.  and  LXXXIl.,  especiaUy  that  of  the  mol«,  fig.  LXXX.  A  uid 
B,  and  also  the  different  ova  of  the  d(^.  Id  figa  LXXtll.  et  seq. 


Fio.  LXXXVII. 


Fig.  LXXXVII.  —  Chorion  of 
an  ovum  of  the  liith  week.  At  a 
i^ipean  the  p«rt  which  a  almort 
without  villi,  and  which,  with  the 
progressive  evolution,  becomM 
ever  larger  and  larger ;  so  tksi  the 
villi  Mem  to  collect  towards  • 
particnlar  district,  aod  there  foim 
the  placenta. 
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crease  very  rapidly,  divide,  lik«  a  tree,  into  branches  and  twigs, 
which  terminate  at  length  in  rounded  leaflets  (fig,  LXXXVII.) ; 
the  villi  strike  into  the  decidua,  and  in  one  part  in  particular  they 
are  much  more  numerous  and  closely  set  than  elsewhere.  In  the 
fifth  week  the  embryo,  when  stretched  out,  ia  from  five  to  six  lines 
in  length   (fig.  LXXXVIII.  fig.  LXXXIX.  magnified  fig.  XC. 

Fig.  LXXXVm. 


Rg.  LXXXVIII.  _  Aborted 
anim,  in  which  sll  the  parts  are 
noriDtl  except  the  decidua  re- 
fleia.  The  decidua  vers,  a,  a,  a, 
is  leen  pi^aing  over  into  the 
decidua  refleza,  e,  e,  which  ii  in- 
filtrated with  blood,  and  much 
thiclier  than  proper,  at  the  pointa, 
b,  bi  d,  villi  of  the  chorioo ;  e, 
amnion  ;  /,  a  spider'a  web-lilte 
tissue,  rendered  darker  by  the  ac- 
tion of  alcohol  in  the  albumiDons 
iuterBpace ;  g,  the  umbihcal  veii- 
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A) ;  the  extremities  are  larger^  and  project  more ;  behind  the  ter- 
minal rounded  hand-shaped  portion^  a  second  appears ;  the  head  is 
considerable^  the  cranial  portion  in  particular  still  greatly  elevated; 
the  corpora  quadrigemina  run  level  towards  the  forehead ;  the  he- 
mispheres are  still  small;  the  eyes  advance  from  the  sides  more 
forwards ;  the  choroidea  resembles  a  dark  ring^  broken  in  its  cir- 
cimiference  inferiorly  and  anteriorly  (fig.  XC.  JB) ;  the  nostrils 
appear  as  depressions  upon  the  flat  face ;  the  branchial  fissures  are 
for  the  most  part  completely  closed^  but  indications  of  their  pre- 
sence still  continue  long  after  their  closure^  in  the  sulci  betwixt  the 
former  branchial  arches  (figs.  LXXXIX.  and  XC).  The  oral  cleft 
is  extensive  and  gaping ;  the  os  coccygis  shows  itself  as  a  consider- 
able tail  bent  forwards^  and  the  vertebral  incisures  lue  veiy 
conspicuous  towards  the  lower  part  of  the  vertebral  column.  The 
abdomen  is  closed^  with  the  exception  of  the  umbilical  aperture, 
through  which  the  elongated  intestinal  loop  still  passes  outwards 
and  inwards^  included  within  the  umbilical  cord^  and  in  communi- 

Fio.  LXXXIX. 


Fig.  LXXXIX.— Embryo,  a  (of  fire  weeks)  of  the  oynm 
delineated  in  the  preceding  figure,  contained  in  its  amnion, 
b,  which  is  had  open,  with  its  umbilical  vesicle,  c. 


Fio.  XC. 


Fig.  XC. — A,  the  same  embryo  as  in  ig* 
LXXX  VIII.  magnified ;  the  brain  and  spinal 
marrow  are  seen  shining  through  the  super- 
imposed structures.  The  corpora  quadri- 
gemina are  still  of  large  relative  size ;  the 
nasal  fossae  present  themselves  in  front  of 
the  eye,  in  which  a  vast  choroidal  cleft  is 
conspicuous.  Indications  of  the  second 
and  third  branchial  clefts  are  still  to  be  re- 
marked ;  the  umbilical  vesicle  has  a  shorter 
pedicle  than  in  fig.  LXXXVL  B,  is  the  eye 
greatiy  magnified,  to  show  the  deft  in  the 
choroid. 
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cation  with  the  umbilical  vesicle,  through  the  medium  of  its  duct, 
which  is  continually  becoming  finer  and  finer.  In  the  sixth  week 
the  embryo  is  about  seven  lines  in  length ;  its  external  parts  are 
the  same,  in  general  appearance,  as  in  the  sixth  week  {6gB.  XCI. 
and  XCII.) ;  the  forehead,  in  consequence  of  the  greater  develop- 
ment of  the  hemispheres,  is  now  more  vaulted,  though  the  cranium 
still  advances  greatly ;  all  traces  of  the  branchial  fissures  have  dis- 
appeared, except  perhaps  a  slight  cicatrice  in  the  situation  of  the 
second  posteriorly,  and  by  the  boundary  of  the  lower  jaw  (fig, 
XC.  f),  and  in  the  situation  where  the  Eustachian  tube  has  been 
formed.  Embryos  of  this  period  are  easily  opened  and  prepared, 
and  present  the  various  oigans  in  their  respective  situations,  and 
even  with  their  permanent  forms,  in  the  most  beautiful  manner. 
(figs.  XCI.  XCII.  and  XCIII.).    The  spinal  cord  (fig.  XC.)  is 

Fio.  XCI. 

Fig.  XCI. — An  embryo  of  the  lizth  week  in  outline, 

of  the  natural  size:  a,  anterior,  b,  poMerior  extremity; 
e,  umbilical  cord  divided ;  d^  heart,  with  its  two  die* 
tinct  atria ;  e,  lung  of  the  left  aide ;  /,  left  lobe  of  the 
liver,  at  the  under  edge  of  which  the  stomach  is  situ- 
ated; g,  filiform  vitello-intestinal  duct,  entering  the 
protruding  loop  of  intestine ;  h,  corpora  Wolffiana, 

and  excretory  duct  of  the  sexual  parts ;  f,  sulcu8,the  remains  of  the  first  branchial 

fiasnre,  which  is  transformed  into  the  Eustachian  tube. 

Fio.  XCII. 


Fig.  XCII. — The  same  embryo  depicted 
of  double  the  size,  and  with  its  several  parts 
made  out. 


Fie.  XCIII. 

Fig.  XCIII. — ^The  abdominal  viscera 
of  an  embryo  magnified  four  times :  a, 
intestinal  loop  situated  in  the  umbilical 
cord;  b,  omphalo-mesenteric  duct;  c, 
omphalo-mesenteric  vein;  cf,  artery;  e, 
stomach;  /,  rudiment  of  the  germinal 
omentum ;  g,  germ-preparing  genital  organ  (testis  or  ovary) ;  t.  Wolffian  body, 
^rith  its  very  delicate  excretory  duct,  which  is  torn  across  at  k,  and  terminating 
in  the  cloaca,  h ;  2,  rudiments  of  the  excretory  duct  of  the  germ-preparing  sexual 
organ  (vas  deferens,  or  Fallopian  tube). 
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cylindrical^  of  nearly  unifonn  thickness  throughout^  and  reaches  to 
the  coccyx,  where  it  terminates  in  a  blunt  extremity ;  posteriorly, 
it  is  open  and  canalicular.  The  medulla  oblongata  makes  a  bend 
forwards  at  the  top  of  the  neck,  and  then  ascends  perpendicularly 
into  the  capacious  cranium,  where  the  corpora  quadrigemina  pre- 
sent themselves  as  two  large  semi-globular  masses,  having  behind 
them  a  pair  of  narrow  lateral  and  superiorly  yet  unconnected  lami- 
nae, the  rudiments  of  the  cerebellimi.  The  medullary  stem,  or  cms 
cerebri,  passes  under  the  corpora  quadrigemina,  and  again  bending 
downwards,  the  ganglia  of  the  brain  (the  optic  thalamus  and  corpus 
striatum)  are  evolved  upon  it  in  its  course,  these  being  covered 
anteriorly  and  superiorly  by  the  hemispheres  of  the  brain  proper, 
which  in  the  human  embryo  acquire  a  large  size  at  a  very  early 
period :  these  parts,  of  course,  are  to  be  understood  as  developed 
in  pairs.  The  first  points  of  ossification  appear  in  the  seventh 
week  in  the  clavicle  and  lower  jaw ;  the  vertebral  arches  are  not 
yet  closed  in ;  the  ribs  lie  on  either  side  of  the  rudiments  of  the 
bodies  of  the  vertebrae  as  narrow  streaks.  Rudiments  of  muscles 
are  not  yet  distinctly  visible,  save  perhaps  in  the  diaphragm  (fig. 
XCI.  m),  which  presents  itself,  at  a  very  early  period,  as  a  thick 
membranous  septum,  dividing  the  thorax  and  abdomen  completely 
from  one  another.  The  heart  (fig.  XCI.  d)  is  already  turned  left- 
ward ;  the  ventricle  is  still  single,  but  the  septum  has  begun  to  be 
formed;  the  atria  show  their  separation  from  the  ventricular 
cavity  externally,  but  internally  they  still  communicate  fipeely  (fig. 
XCIV.) ;  the  aorta  and  pulmonary  artery  (fig.  XCIV.  a)  still  arise 
as  a  common  trunk,  which  divides  into  two  vascular  arches  (i,  b)^ 
which,  however,  come  together  again  behind  the  diaphragm,  and 
there  form  the  aorta  descendens  (fig.  XCV.  h) ;  the  pericardium  is 
complete,  and  forms  a  delicate  envelope ;  the  lungs  lie  on  either 
side  of  the  heart,  in  the  angle  formed  inferiorly  between  the  dia- 

FiG.  XCIV. 

Fig.  XCTV.^The  heart  of  an  embryo  of  about  the  fifth 
week,  laid  open  upon  the  abdominal  aspect.  A  very  beau- 
tiful view  is  obtained  of  the  manner  in  which  the  simple  Ten- 
tricle  becomes  divided  into  two  separate  chambers.  The 
atrium  cordis,  c,  still  almost  quite  simple,  is  pushed  back- 
wards ;  at  d,  the  passage  from  the  atrium  into  the  open  ven- 
tricle is  seen ;  the  septum,  e,  resembling  a  fold  of  the  inner 
membrane,  is  perceived  rising  towards  the  bulbus  aortie,  a,  which  still  affords  a 
common  origin  to  the  aorta  and  pulmonary  artery ;  from  the  bulb  arise  the  two 
vascular  arches,  which  unite  to  form  the  aorta ;  g,  vena  cava  inferior.  Figure 
after  Baer,  in  Siebold's  Journal,  B.  xiv. 
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phragm  and  the  walls  of  the  thorax^  and  do  not  yet  receive  any 
particular  vessels  (fig.  XCI.  e) :  they  are  mere  sacs,  not  more  than 
about  one  line  in  length,  but  already  exhibit  traces  of  division 
into  several  rounded  vesicles  or  lobes ;  they  hang  by  the  rudiments 
of  the  trachea,  a  delicate  thread,  which  shows  a  trifling  enlarge* 
ment  superiorly,  in  the  situation  of  the  future  larynx.  The  liver  is 
very  large  (fig.  XCI./),  divided  into  two  lobes,  and  composed  of 
small  hollow  granules,  or  coeca.  Under  the  left  lobe  of  the  liver 
(/),  the  stomach  (e)  is  observed  of  an  elongated  form,  and  even 
now  transversely  situated;  firom  the  part  that  will  become  its 
greater  curvature,  the  omentum  majus  is  seen  springing  as  a 
very  minute  appendage  or  lappet,  not  above  a  quarter  of  a  line  in 
breadth ;  the  intestine  still  shows  itself  as  a  long  and  somewhat 
twisted  loop,  extending  far  into  the  umbilical  cord  (a) ;  the  duct 
of  the  umbilical  vesicle  is  obliterated,  but  its  remains,  in  the 
shape  of  a  fine  thread  (fig.  XCI.  g,  fig.  XCIII.  b)  can  still  be  fol- 
lowed to  the  umbilical  vesicle,  now  situated  at  a  great  distance 
fix)m  the  body  of  the  embryo ;  the  anus  is  still  imperforate.  The 
corpora  Wolffiana  are  now  the  only  organs  situated  on  the  ver- 
tebral column.  It  is  in  the  course  of  the  seventh  week  that  the 
kidneys  and  renal  capsules  first  make  their  appearance,  and  they 
are  speedily  followed  by  the  evolution  of  the  germ-preparing 
sexual  organs — ^the  testicles  and  ovaiia,  which  show  themselves 
primarily  as  small  long-shaped  bodies.  The  urinary  bladder  does 
not  appear  before  the  end  of  the  second  month ;  it  forms  a  slight 
mesial  enlargement,  which  is  continued  superiorly  and  anteriorly 
as  a  hollow  canal — ^the  urachus — into  the  umbilical  cord.  In  the 
seventh  week  the  embryo  is  nine  lines  in  length  (fig.  XCVI.  /,  fig. 
XCYII.).  The  head  is  of  considerable  size,  and  now  fairly  rounded 
off;  the  corpora  quadrigemina,  hitherto  so  largely  developed^  begin 
to  take  the  subordinate  place  in  point  of  size  which  belongs  to 
them  in  maturity  (fig.  XCVII.) ;  the  eyelids  begin  to  appear,  first 
as  perfectly  circular,  and  by  and  by  as  oval  folds,  over  the  eye- 


Fie.  XCV. 


Fig.  XCV.— The  same  heart  as  in  the  preceding  figure 
opened  from  behind,  llie  great  atrium,  d,  e,  is  seen,  and 
only  the  point  of  the  ventricle,  at  c,  to  the  right.  The  tra- 
chea, a,  b,  divides  and  ends  inferiorly  in  the  two  very  small 
lungfr;  the  aorta]  arches,  g,  only  unite  at  length  in  h,  under 
the  diaphragm  /,  to  form  the  trunk  of  the  aorta ;  at  a  the 
nervus  vagus  is  observed. 
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balls ;  the  anterior  breach  in  the  choroid  coat  is  closed ;  in  the  ear 
the  concha  is  formed,  with  its  various  eminences  and  depressions 
(fig.  XCVII.  Ay  e,  and  B) ;  the  mouth  is  a  large  triangular  space, 
with  one  of  the  angles  directed  upwards,  which  still  communicates 
with  the  future  nasal  cavity,  and  occupies  nearly  the  entire  breadth 

Fio.  XCVI. 


F^.  XCVI,— Utenia,  with  its  contenU,  in  the  uveiith  ireek  of  pr^puni^ : 
the  noinaD  had  committed  auicide.  The  embiyo,  perfectly  normal  in  it«  con- 
formation, ia  endoaed  in  iti  amnion ;  betwixt  the  amnion  and  chorion  the  umbi- 
lical ve«ide  is  «een;  the  aleruB,  lined  with  the  decidua,  is  laid  open,  end  ita 
parietea  are  reflected  so  aa  toihow  its  contenta:  a,  the  oa  externum;  6, 6,  cervix 
uteri  i  c,  e,  e,  e,  the  ntenia  laid  open  by  a  crucial  inciaion,  and  reflected  in  four 
flapa ;  d,d,d.  deddua  ren,  spread  over  the  uterine  surface ;  g,  flocculi,  or  viSi 
of  the  chorion;  g*,  internal  aspect  of  the  chorion;  k,  amnion;  i,  umlnlical 
Tcaicle ;  k,  nmbiUcal  cord ;  J,  embrjro  ;  z,  apace  for  the  tunica  media,  as  it  is 
teriDed,  betwixt  the  amnion  and  chorion.  [The  embryo  is  depicted  of  ita  notn- 
ral  nie  in  fig.  XCVII.    Here  the  parts  are  but  two  thirds  the  aixe  of  nature.] 
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of  the  face ;  the  nostrils  are  two  depressions^  or  pits,  with  a  broad 
septum  interposed  between  them ;  the  external  nose  already  forms 
a  slight  projection  (fig.  XCVII.).  The  abdomen  appears  distended; 
the  parietes  of  the  trunk  are  still  extremely  thin.  The  extremities 
are  more  advanced ;  on  the  upper  extremity  the  hand,  with  the 
rudiments  of  its  five  fingers  (fig.  XCVII.  C)  may  be  distinguished ; 
the  division  into  arm  and  forearm  is  also  slightly  indicated ;  the 
lower  extremity  is  somewhat  less  forward  in  its  development  (fig. 
XCVII.  D) ;  still  the  various  divisions  of  the  member  can  be  made 
out,  and  even  the  toes  are  slightly  indicated. 

All  the  particulars  just  mentioned  become  stiU  more  obvious 
in  embiyos  of  the  eighth  week  (fig.  XCVIII.  the  representation 
of  an  embryo,  normal  in  every  respect,  except  an  umbilical  hernia, 
by  which  exhibits  many  points  very  beautifiilly) ;  the  head  is  now 
relatively  lai^r;  the  lips  begin  to  be  formed;  but  the  tongue,  as 
formerly,  lies  uncovered  in  the  bottom  of  the  oral  cavity ;  the  fin- 
gers and  toes  begin  to  be  distinctly  pinched  off  fix)m  the  rest  of  the 
hands  and  feet.  The  embryo  is  from  ten  to  twelve  lines  in  length, 
and  over  a  dram  in  weight ;  the  intestine  is  now  completely  re- 
tracted into  the  cavity  of  the  abdomen,  and  the  umbilical  cord  (cut 
off  at  0,  fig.  XCVIII.)  is  relatively  thinner  "*. 

^  We  have  good  representations  of  the  embryo  daring  this  period;  the  oldest 


Fio.  XCVII. 


Fig.  XCVII.  —  Embryo 
from  the  uterus  delineated 
in  the  preceding  figure :  J, 
natural  size ;  a,  a,  limits  of 
the  chorion ;  b,  b,  limits  of 
the  amnion ;  c,  umbilical 
vesicle ;  d,  umbilical  cord ; 
e,  external  ear.  B,  external 
ear  magnified.  C,  anterior 
extremity  magnified.  D, 
posterior  extremity  magni- 
fied. 


Fio.  XCVIII. 


Fio.  XCVIII.— Embryo  of  the  eighth  week :  a,  umbilical 
cord  cut ;  b,  an  umbilical  hernia ;  c,  the  ear. 
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7%<  human  Embryo  from  the  begimung  of  the  third  month  to  the 
period  of  birth. 
§  74.  The  particulars  tiiat  still  remuQ  in  regard  to  the  derdop- 
ment  of  the  human  embryo  possess  a  degree  of  physiological  interest 
much  inferior  to  those  we  have  hitherto  related,  and  their  especial 
consideration  belongs  to  the  morphology.  It  is  generally  be- 
lieved that  it  is  in  the  course  of  the  third  month,  when  die 
placenta  is  completely  formed,  that  several  considerable  and  even 
very  important  oigans  lirst  make  their  appearance ;  these,  how- 
ever, are  most  probably  present  in  a  rudimentary  state  during 
the  second  month,  but  are  overlooked.  The  chief  of  the  organs 
that  now  become  distinctly  visible  are  the  thymus,  the  spleen,  the 
salivary  glands,  and  the  pancreas,  the  muscles,  the  nerves,  the 
internal  parts  of  the  ear,  and  the  ossicula  auditus.  In  the  course 
of  the  third  and  fourth  months,  moreover,  we  remark  a  contmued 
progressive  formation  and  transformation  of  the  oi^ans  already 
present  in  their  rudiments,  consisting  now  in  a  closer  appronma- 
tion  to  the  forms  they  are  to  possess  permanently  after  birth,  and 
again  in  a  greater  perfection  of  the  forms  peculiar  to  the  fcetaJ 
state.  To  the  latter  head  belong  the  formation  of  the  membrana 
pupillans  in  the  third  month ;  the  gluing  together  of  the  eye-lids 
hrst,  and  then  their  complete  coalescence  along  their  margins,  at 
the  beginning  of  the  fourth  month ;  the  rapid  growth  of  the  cap- 
Bulfe  suprarenales  (figs.  XCIX.  and  C.  n,  n),  which,  in  the  firet 
half  of  tlie  third  month,  are  as  laige  again  as  the  imperfectly 
formed  kidneys,  that  consist,  at  this  time,  of  an  afi^;regatioii  of 

hj  Albioua  (Annot.  Aeadem.  lib.  i.  tab.  i.  fig.  13),  and  then  by  Soenunerniig, 
Meckel,  Buidach,  Miiller,  Kieeer,  Maj^er,  &c,  I  luve  given  new,  anil,  I  trtut, 
tatiaEactory  figures  of  embryoa  of  the  fifth,  eixtb,  Krenth,  and  dghth  weeka. 


Rg.  XCIX.^Embryo  of  the  tenth  week,  of  the  naluni 
riie,  laid  open  along  the  abdomen,  and  the  liva  and  in- 
testine taken  away. 
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three  mr  four  little  lobules  (fig.  C.  o),  but  which,  immediately 
aAerwardB  begin  to  diminish,  hke  others  of  the  foetal  oi^^s,  par- 
ticularly the  Wolffian  bodies,  which  shrink  greatly  (fig.  C.  a,  a) 
daring  this  period,  and  finally  disappear  entirely,  although  re- 
mains of  them,  especiaUy  in  the  female  sex,  continue  to  exist  till 
after  birth.  In  opposition  to  this  decrement  of  certain  organs,  the 
fonnative  enei^  is  aroused  to  great  activity  in  others,  which 
lu?e  remained  very  much  behind  in  their  development ;  the 
kidneys,  which  have  hitherto  been  extremely  small,  consist,  at  the 
end  of  the  third  month,  of  seven  or  eight  lobes,  representing  the 
future  pyramida  Malpighii;  the  ureters  still  terminate  in  com- 
mon widi  the  external  ducts  of  the  sexual  oi^^s  and  Wolffian 
bodies,  and  the  rectum,  in  the  cloaca  or  sinus  urogenitalis ;  the 
ndwa  is  the  part  which  is  first  detached,  and  terminates  pecu- 
liaHy  in  the  anus.  The  most  remarkable  of  the  transformations 
that  take  place,  perhaps,  are  those  connected  witii  the  generative 
organs,  for  it  is  at  this  time  that  the  rudiments  of  the  germ-pre- 
paiing  parts  are  transformed  into  testicles  or  ovaria,  and  their  ex- 
cretory ducts  become  vasa  deferentia,  or  Fallopian  tubes ;  that  the 
uterus  detaches  itself  from  the  upper  part  of  the  sinus  uro-geni- 

Fio.  C. 

Fig,  C. — Hie  lame  embryo  magnified 
twice ;  a,  palatiDe  fiisure ;  b,  tongue ;  e, 
carotid  of  the  right  side ;  d,  d,  thjrroid  bodyj 
t,  e,  tbymuB  gland  j  /,  rigbt  ventricle,  sepa- 
rated bj  a  contnction  from  the  left,  g;  k, 
right,  I,  left  atrium  cordis;  h,  right  lung; 
I,  I,  diaphragm,  itill  very  membrasoui,  and 
to  which,  at  m,  a  small  portion  of  the  granu- 
lar liver  atill  adheres  j  «,  n,  aupTa-renal 
cspanlea  (reaea  succenturiatte) ;  q,  q,  the 
two  laminK  of  the  meaenteiy,  torn  amy  at 
the  point  where  these  arise  from  the  verte- 
br«l  column ;  o,  o,  kidneys,  coropoaed  of 
lobules,  and,  at  this  period,  much  smaller 
than  the  eupra-renal  bodies ;  p,  p,  uretera ; 
r,  inteatinum  rectum  cut  through ;  s,  t,  ex- 
cretory ducts  and  remmus  of  the  Wolffian 
bodies ;  t,  I,  germ-preparing  sexual  organs, 
in  all  probabilitj  about  to  ba  traosformed 
into  ovaries;  a,  sinus  urt^enitalit,  in  tbia 
mbryo,  about  to  become  the  uterus ;  c,  c,  future  Fallopian  tubes ;  w,  w,  future 
rontid  ligaments  of  the  uterus ;  x,  clitoris ;  y,  longitudinal  cleft  in  the  same ;  t, 
Wd  beh^  the  orifice  of  the  anus. 
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talia,  and  is  more  fully  divided  into  two  comua;  and  that  the 
vagiaa  is  formed  from  the  lower  portion  of  the  Bame  uro-genital 
sinus;  in  the  male,  the  urethra  is  also  formed  from  the  uro-gemtal 
sinuB  (vide  figs.  CI.  CII.  CIII.  and  CIV.).  The  vesiculie  semi- 
nales  first  appear  in  the  fifth  month  aa  ofiseta  from  the  vasa  defe- 
rentia.  The  external  organs  of  generation  in  both  sexes  have 
shown  themselves  so  early  as  the  end  of  the  second  month,  in  the 

Fio.  CI. 

F^.  CI. — Magnified  repreeenutioa  of  the  urinaiy  uid 
genilal  organs  of  a  human  embryo  eight  lines  in  length; 
a,  supra-renal  capsule  of  the  right  side,  which  completely 
covers  the  kidney  lying  hehind  it;  6,  left  kidney,  the 
left  suprareiiBl  capsule  having  been  removed ;  e,  e,  excre- 
tory portion  of  the  genital  oigana, — vas  deferens,  or  FaUa- 
pian  tube;  e,  ^erm-preparing  portion  of  the  sexual  tja- 
tem,— testis,  or  ovary ;/,  sinus  uro-genitalis.  After  Miiller 
(Bildangigachichle  der  GenitaUat,  1830). 

Fio.  C[I.  Fio.  CII. 

Fig.  CII.  A  and 
B. — I  ntemal  and  ei- 
teraal  organs  of  a 
fteluB  of  the  fourth 
month,  of  the  natu- 
ral size.  IniJ,lbeBh- 
domen  is  Uid  open ; 
the  navel  string,  s, 
turned  down;  the 
left  thigh  sad  foot 
delineated ;  theduh- 
foot  appearance,  that 
appertains  to  all  em- 
hryoB,  is  remark- 
able; «,  left  supra- 
renal capsule;  b,  kid- 
ney composed  of 
many  lobules ;  i\ 
i',  capsule  of  the 
,,  kidney  removed;  i*, 

B      \.  y^ — "  ureter;  c.ovatj;  4 

^•^^S::^::::^  Fallopian    tube;   ', 

ntenu;  A,  round  ligament,  mniung  to  the  inguinal  ring;/,  rectum;  A,lahiaina- 
jora,  surrounding  the  clitoris ;  t,  anal  oriRce ;  t,  I,  ombilical  arteries ;  m,  urinary 
bladder,  produced  into  the  urachus. 

B,  external  genital  organs  in  situ  ;  g,  ditorie,  with  the  glans  and  rims,  from 
the  bottom  of  which  a  fold  projects ;  k,  k,  labia  pudendi  majoTB ;  i,'  anus. 

The  embryo,  now  figured,  bean  a  strong  resemblance  to  that  depicted  by 
Miiller  (fee.  eit.  tab.  iv.  fig.  9)  which  was  31  inches  Ioi%. 


jJjE^f 
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shape  of  small  projecting  wait-Uke  eminences,  which^  in  the  third, 
acquire  larger  dimensions,  as  the  clitoris  or  penis  (fig.  C.  ^), 
underneath  which,  and  in  the  middle  line  of  the  perinaeum  there  is 
a  cleft  or  channel  (^),  which  is  modified  variously  according  to  the 
sex.  In  the  female,  the  clitoris  continues  backward  in  its  forma- 
tion to  the  beginning  of  the  fourth  month ;  the  lateral  parietes  of 
the  inferior  open  channel  are  formed  into  the  lesser  labia,  and^  in 
the  vicinity  of  these,  the  greater  labia  by  and  by  appear  as  broader 
or  more  extensive  tegumentary  folds.  In  the  male  sex,  the  infe- 
rior open  channel  of  the  now  erected  and  prominent  penis  is  closed 
in  the  third  month,  and  becomes  the  urethra,  which  now  termi- 
nates on  the  extremity  of  the  member ;  the  scrotum  is  still  cleft  in 
the  middle  line,  and  consists  of  a  couple  of  folds  of  common  inte- 
gument. The  mouth  and  nostrils  become  fairly  divided  from  one 
another  by  the  formation  of  the  velum  palati  and  dental  arches, 
the  wide  cleft  that  lay  between  them  being  thus  efiaced  (fig.  C.  a). 
The  dental  sacs  make  their  appearance  in  the  lower  and  upper 
jaws.  The  stomach  lies  more  transversely  than  heretofore;  the 
omenta  are  more  perfectly  evolved;  the  small  intestine  forms  seve- 
ral convolutions,  has  been  entirely  included  within  the  abdomen 
since  the  tenth  week,  and  now  contains  meconium ;  rugae  or  folds 
appear  upon  the  mucous  membrane  as  rudiments  of  the  future 
villi ;  the  vermiform  appendix  appears  by  the  side  of  the  coecum, 
which  has  already  been  some  time  formed.    With  the  formation 


Fig.  cm. 


Fig.  cm. — Genital  and  uropoetic  orf^ns  of  a  human 
foetus  3^  inches  long,  from  the  side;  after  Miiller  {he. 
cit,  tah.  iv.  C.) ;  a,urinary  bladder ;  b,  urethra ;  c,  uterus 
bicornis;  d,  vagina;  e,  anterior  still  common  portion  of 
the  urethra  and  vagina;  f,  common  aditus  uro-genitalis; 
ff,  clitoris ;  h,  labia  pudendi  majora. 


Fio.  CIV. 


N  2 


Fig.  CIV.— Internal  female  geni- 
tal organs  of  a  human  foetus  4j 
c  inches  long  to  the  anus,  seen  from 
the  dorsal  aspect,  and  magnified ;  a, 
uterus ;  b.  Fallopian  tubes ;  c,  ab- 
dominal end  of  one  of  these  with  its 
fimbriae;  d,  ovaria;  e,  remains  of 
the  corpora  Wolfiiana. 
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of  the  perinseum  in  the  third  month,  the  anus,  which  had  previ- 
ously presented  itself  as  a  depression  immediately  behind  the 
common  opening  of  the  sinus  urogenitalis,  appears  as  a  distinct 
opening  (fig.  C.  z),  by  which  the  sacrum  is  hollowed  out  anteriorly, 
and  made  to  bend  backwards.  The  gall-bladder,  upon  the  liver, 
is  elongated,  and  like  a  piece  of  intestine.  In  the  heart,  the 
sinuses  are  large,  and  divided  from  one  another  by  external  sulci ; 
the  division  between  the  ventricles  is  indicated  externally  at  the 
apex  (fig.  C.  /,  ffy)  and  the  septum  ventriculorum  is  more  com- 
plete; the  Eustachian  valve  is  large.  The  lungs  receive  small 
twigs  from  the  pulmonary  artery,  which  is  now  distinct  from  the 
ascending  aorta ;  but  this  vessel  still  divides  into  two  large  arches, 
which  by  and  by  unite  with  two  similar  arches,  proceeding  from 
the  aorta.  Externally,  the  division  between  the  head  and  trunk  is 
more  strongly  indicated,  so  that  the  neck  is  produced.  The  abdo- 
minal region  enlai^s,  comes  forward,  and  the  umbilical  cord  does 
not  arise  so  low  down,  or  so  near  the  anus ;  the  umbilical  opening 
is  extremely  small.  The  embryo  grows,  in  the  course  of  the  third 
month,  to  two  inches  and  a  half  in  length,  and  will  weigh  an 
ounce,  (fig.  CXIII.)  The  head  is  particularly  large  and  globular. 
In  the  fourth  month  the  embryo  increases  very  rapidly ;  by  the 
end  of  this  month  it  measures  four  inches  in  length,  and  weighs 
about  five  ounces  "*. 

§  75.  With  the  fifth  month,  the  first  half  of  the  period  of  foetal 
life  is  concluded,  and  the  embryo  is  now  about  twelve  inches 
long.  The  epidermic  formations  now  develope  themselves  parti- 
cularly :  the  nails  on  the  toes  and  fingers,  which  had  already  ap- 
peared, begin  to  be  consistent  or  homy ;  the  hair  begins  to  sprout 
on  the  head,  and  the  whole  body  is  covered  with  a  soft  down — 
lanugo.  The  first  motions  of  the  foetus  are  usually  experienced 
about  the  beginning  of  the  sixth  month,  and,  by  the  mother,  are 

*^  Many  of  the  above  named  organs  appear,  as  I  have  just  said,  to  be  formed 
earlier  than  is  generally  imagined ;  in  the  sixth  week,  for  example,  I  have  ob- 
served the  thymus  as  two  very  small,  lax,  white  bodies,  situated  near  and  over 
the  heart  (fig.  XCI.) ;  at  the  beginning  of  the  third^month,  this  organ  is  much 
more  distinct  (fig.  C.  e) ;  at  this  time,  too,  the  thyroid  gland  is  visible,  and  consists 
of  two  completely  separated  bodies  (fig.  C.d,d).  I  have  discovered  the  rudi- 
ments of  the  parotid  gland  in  the  seventh  week ;  it  then  consisted  of  a  filiform 
excretory  duct,  upon  which,  several  minute  knots  or  buds,  which  by  and  by  be- 
came sacs,  were  situated.  The  spleen  appears  as  a  narrow  body,  on  the  convex 
edge  of  the  stomach ;  and  where  the  stomach  is  terminating  in  the  intestine,  the 
pancreas  shows  itself  as  a  congeries  of  distinct  granules.  For  a  more  particular 
account  of  the  development  of  the  sexual  organs,  vide  §  28. 
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felt  as  slight  flutterings^  and  then  as  spasmodic  jerks  (motion  pro- 
bably occurs  before  this^  but  is  not  perceived  by  the  parent );  a 
child  bom  prematurely  at  this  time  is  capable  of  breathing.  The 
head  is  still  extremely  laige^  and  may^  of  itself^  form  a  fourth  part 
of  the  whole  body ;  the  &ce^  from  the  wrinkles  with  which  it  is 
covered,  has  the  appearance  of  that  of  an  aged  person ;  this  cha- 
racter of  the  physiognomy  disappears  more  and  more  with  the  in- 
creased secretion  of  fat,  by  which  the  whole  body  is  rendered 
rounder  and  plumper.  The  resemblance  between  the  external 
seinial  organs,  so  remarkable  on  their  first  appearance,  is  entirely 
lost  in  the  coimie  of  the  preceding  month ;  but  the  scrotum  is  still 
empty;  the  testicles  approach  the  inguinal  rings,  but  only  de- 
scend completely  into  the  scrotum  in  the  course  of  the  eighth  or 
ninth  month.  At  this  time  also,  the  glans  penis  first  acquires  a 
complete  prepuce,  although  this  part  has  appeared  in  the  coiu*se 
of  the  fifth  month  as  a  fold  of  integument.  In  the  seventh 
month,  the  embryo  or  fcetus  measures  sixteen  inches  in  length, 
and  weighs  about  two  pounds ;  it  is  now  capable  of  entering  on  an 
independent  existence,  and,  if  bom  prematurely,  may  be  reared. 
The  skin  is  red,  and,  besides  the  fine  hair  or  down,  is  now  covered 
withalayer  of  cheesy  matter,  ihevemix  caseosa, — ^a  substance  com- 
posed of  detached  epithelial  nucleated  scales  and  mucus  (figs.  CV. 
and  CVL).  In  the  eighth  month,  the  membrana  pupillaris  disap- 
pears; the  epidermic  sealing  of  the  eyelids  begins  to  loosen.  In 
the  ninth  month,  the  bones  of  the  cranium  approximate  more 
dosely  together,  and  the  fontanelles  become  smaller;  the  hair,  on 
the  head^  increases  in  quantity,  and  the  wooUy  hair  or  down  of  the 


Fio.  CV. 


Tig,  CV. — Epithelial  iBmine,  three  of  which  are  tessel- 
lated or  connected  like  a  piece  of  pavement,  from  the 
vernix  ea$eo»a  of  a  new  bom  infant;  the  cells  are  de- 
pressed,  or  flat,  and  transparent;  the  nuclei  spread  out ; 
b,  b,  are  oil-globules. 


Pio.  CVI. 


Fig.  CVI. — A  single  cell  of  this  kind  (epithelial  lamella), 
treated  with  acetic  acid,  by  which  the  nucleus  has  become  more 
obvious,  and  itself  exhibits  a  macula  or  nucleolus. 
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body  generally  falls  off;  the  embiyo  is  eighteen  inches  in  length, 
and  weighs  from  five  to  six  pounds.  In  the  course  of  the  tenth 
month,  the  size  and  weight  of  the  foetus  vary  greatly,  measuring 
from  eighteen  to  twenty  inches,  and  weighing  fi!X)m  seven  to  ten 
pounds ;  nor  are  these  by  any  means  the  limits,  both  length  and 
weight  being,  in  some  cases,  considerably  less,  and  the  weight 
especiaUy,  in  others  somewhat  more  *• 

Birth. 

§  76.  The  regular  period  of  pregnancy  in  the  human  female  ends 
with  the  tenth  lunar  month,  or  the  fortieth  week.  The  head  of 
the  embryo  has  now  sunk  downwards  ;  and  the  period  of  deUvery 
being  come,  it  advances  first  into  the  os  uteri,  the  membranes  of 
the  ovum  having  previously  given  way,  and  is  then  forced  by 
painful  contractions  of  the  uterus  through  the  external  oigans  of 
generation.  In  this  process  it  makes  a  spiral  turn  in  its  course, 
and  when  the  delivery  is  tardy,  and  especially  when  it  is  irregular 
fi>om  the  presentation  of  the  feet,  imperfect  respiration  may  take 
place.  In  rare  cases  the  child  has  even  been  said  to  have  cried 
before  the  head  was  delivered ;  this  is  what  has  been  termed  vagi- 
tus  uterinus.  The  possibility  of  such  an  occurrence  is  not  to  be 
denied;  its  likelihood,  however,  is  very  slender^  and  sources  of 
fallacy  or  mistake  are  but  too  numerous  '^'. 

TTie  Utertis,  and  the  Membranes  produced  by  it. 

§  77.  It  is  familiarly  known  that  those  coverings  of  the  foetus  in 
utero  which  lie  externally  to  the  chorion  do  not  belong  to  it  origi- 
nally, or  are  not  derived  firom  the  ovum,  but  that  they  are  a  product 
of  the  new  actions  set  up  in  the  uterus.  With  regard  to  the  mode 
in  which  the  membranes  derived  from  the  uterus  are  produced^  very 
opposite  views  are  entertained  by  different  writers.  These  views 
have  even  been  elaborated  into  formal  theories,  and  anatomical 
facts  have  been  interpreted  variously  and  in  support  of  each  by  its 

[*  Qicteibeiitii^f  ii  the  term  commonly  applied  to  the  first  motioni  of  the  foetus 
as  felt  by  the  mother.  It  usually  occurs  in  the  course  of  the  4th  or  6th  month. 
B.  W.] 

141  The  works  on  midwifery  generally  speak  on  the  subject  of  vagitns  uterinoi; 
it  is  also  discussed  by  Burdach,  Pkytiol,  iii.  95.  The  cases  of  vagitns  recorded 
seldom  rest  on  calm  and  careful  observation.  Accoucheurs  in  extensive  prac- 
tice will  almost  alwajrs  be  founds  when  closely  questioned^  to  speak  of  the  occur- 
rence rather  as  something  they  had  heard  of,  than  as  aught  they  had  themselves 
observed.  On  the  mechanism  and  means  of  parturition,  vide  the  Tliird  Book  of 
this  work. 
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author.  We  shall  first  take  cognizance  of  the  relations  of  these 
membranes  to  one  another,  as  they  appear  on  the  most  careful 
anatomical  examination,  and  subsequently  (§  82],  and  altogether 
independently  of  the  anatomical  facts,  inquire  into  the  manner  in 
which  the  ovum  may  have  acquired  its  uterine  envelopes  "*•  Re- 
searches in  regard  to  the  state  of  the  mucous  membrane  of  the 
uterus,  after  conception  *",  inform  us  that  even  before  the  arrival 
of  the  ovum  within  its  cavity  an  exudation  of  albuminous  fluid 
takes  place  from  its  surface,  which,  soon  acquiring  consistency 
and  the  appearance  of  concrete  fibrine,  is  gradually  formed  into  a 
membrane,  thin  and  delicate  at  first,  but  which  continually  in- 
creases in  thickness  and  finally  presents  a  fac-simile  or  mould  of 
the  inner  cavity  of  the  uterus.  This  membrane  even  appears 
though  the  ovum  never  reaches  the  cavity  of  the  uterus,  but  passes 
through  the  various  stages  of  its  evolution  in  the  ovary.  Fallopian 
tube,  or  abdomen  ^^«     In  the  course  of  the  first  week  this  lining 

• '    ^  •    -  * 

*^  There  is  scarcely  a  subject  in  ranatomy  and  physiology  which  has  occasioned 
so  much  controversy  as  this  doctrine  of  the  dt^ecidua.  Putting  out  of  the  ques- 
tion such  researches  as  are  palpably  erroneous  and  insufficient^  and  false  hypo- 
thetical interpretations,  many  of  the  apparently  ^contradictory  opinions  may  be 
safely  pronounced  to  be  correct  in  regard  to  individual  cases.  The  particulars 
in  the  text  are  given  from  my  own  reiterated  observations  and  researches,  and 
the  views  there  set  forth  are  illustrated  by  a  series  of  figures  entirely  after  nature, 
and  by  illastrative  plans.  For  an  account  of  the  different  views  that  have  been 
held  on  the  subject  of  the  decidua,  Burdacb,  Valentin,  Velpeau,  Brescbet,  Seiler, 
kc  may  be  consulted,  as  also  my  paper  in  Meckel's  Archh,  for  1830,  on  the 
subject.  Among  the  observere  of  the  past  age.  Hunter  distinguished  himself  pre- 
eminently both  in  profundity  of  description  and  in  excellence  of  illustration. 
He  also  describes  and  figures  the  gelatinous  mass  which  closes  the  cervix  uteri. 
^Vide  his  Anatomy  of  the  Gravid  Uterus,  tab.  xxv.  and  xxvii.  in  the  fifth  month. 
I  have  merely  stated  facts  here,  as  must  be  apparent ;  the  explanation  of  these 
will  be  found  by  and  by  (§  S2). 

i«  The  observations  of  Baer  and  E.  Weber  are  those  that  treat  of  the  decidua 
at  the  earliest  period  of  its  existence,  even  before  the  entrance  of  the  ovum  into 
the  uterus.  Baer  has  described  the  decidua  and  its  vascular  connexions  a  week 
after  conception. — Vide  Siebold's  Journal,  vol.  xiv.  p.  403,  with  a  figure,  which 
is  copied  in  fig.  CVII.  Weber's  account  of  the  decidua  dccurs  in  his  edition 
f^  HUddfrandt,  vol.  iv.  p.  466. 

*^  The  decidua  is  certainly  found  in  the  greater  number  of  extra-uterine  con- 
ceptions ;  when  it  is  not  found,  it  is  perhaps  overlooked,  or  mistaken  for  the 
spongy  mucous  membrane  of  the  uterus.  I  have  found  it  in  this  state  in 
the  uterus  three  or  four  weeks  after  parturition ;  [or  the  converse  of  this  may 
be  tree;  that  which  has  been  described  as  decidua  vera  in  cases  of  extra- 
uterine gestation  may  have  been  but  the  mucous  membrane  of  the  uterus 
softer  and  more  spongy  than  usual;  or,  otherwise,  the  uterus  may  have  been 
lined  with  a  plastic  deposit  preparatory  to  the  reception  of  the  ovum;  but 
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fills  all  the  foyeoli  or  depressions  of  the  mucous  membrane  of  the 
uterus,  and  blood-vessels  shoot  from  the  uterus  into  its  substance^ 
so  that  it  becomes  organized;  formal  capillary  retes  may  be  de- 
monstrated surrounding  the  villi  of  this  new  formation  which  pene- 
trate the  little  depressions  of  the  proper  mucous  surfiux  (fig. 
CVIL),  The  thicker  the  membrane  grows,  the  more  perfectly 
does  it  become  organized ;  its  inner  aspect,  or  that  turned  towards 
the  cavity  of  the  uterus,  is  smooth ;  its  outer  aspect,  by  which  it 
adheres  to  the  uterus,  is  villous  and  rough.  Its  thickness  in  the 
third  or  fourth  month  of  pregnancy,  when  it  is  most  perfectly 
developed,  may  be  about  a  line,  and  at  this  period  it  may  be  com- 
pletely detached  from  the  uterus  and  exhibited  apart  (fig^  CYIIL), 

this  may  have  been,  nay,  from  the  accounts  often  given  of  it  and  its  appear^ 
ance  in  preparations,  certainly  was  different  from  the  proper  deddua,  being 
a  soft,  lardy-lookingy  very  thick,  and  unorganized  layer, — not  a  thin  reticulate 
vascular  tissue,  like  the  true  decidua.  That  the  decidna  vera  is  no  abso- 
lute product  of  the  uterus,  but  of  those  living  tissues  with  which  the  living  ovnin 
is  in  contact,  seems  demonstrated  by  this  :  that  the  ovum  in  extra-uterine 
gestations  of  all  kinds  is  surrounde<f  by  a  membrana  decidua  as  it  is  when  lodged 
in  the  cavity  ot  the  womb.  Wben  the  ovum  makes  its  way  in  due  season  and 
unimpeded  into  the  uterus,  it  acquires  its  decidual  covering  there ;  if  it  be  de- 
tained in  the  tube  there  it  acquires  its  decidual  covering  likewise,  and  the  uterus 
is  without  this  membrane.  The  uterus  having  been  found  in  a  nngle  instance 
of  ovarian  or  tubal  conception  without  the  decidua,  seems  to  the  writer  fatal  to 
the  theory  of  that  membrane  being  the  product  of  the  uterus  independently  of 
the  presence  of  the  ovum.  Nature  admits  of  no  exceptions  to  her  laws.  The 
decidua,  indeed,  as  the  bond  between  the  mother  and  the  embryonic  chorion,  is 
a  formation  indispensable  to  the  development  of  the  germ  wherever  this  happens 
to  take  place,  whether  within  the  uterus,  in  the  Fallopian  tube,  or  in  the  carity 
of  the  abdomen.  There  are  two  preparations  of  tubal  gestation  in  the  Museum 
of  St.  George's  Hospital,  wbich,  whatever  may  be  said  as  to  the  presence  or  ab- 
sence of  the  true  decidua  in  the  uterus,  certainly  demonstrate  the  existence  of 
this  membrane  around  the  ovum  arrested  in  the  Fallopian  tube.  See  also  a  note 
by  Dr.  R.  Lee,  on  the  situation  of  the  decidua  in  cases  of  extra-uterine  gesta- 
tion, in  the  Land.  Med.  Gazette,  for  June,  1840.    R.  W.] 


Fio.  CVII. 

Fig.  CVII — Internal  superficies  of  the  utotis  with  the 
^\9,*u ^i\JI'JF  ^^^^^^  ^^  Hunter  in  process  of  formation,  from  the  body  of 
'^^Mb^^Ml      ^®  female  from  which  the  drawing  of  the  Graafian  follicle, 

given  in  fig.  LIX  was  made.    The  villi,  a,  a,  a,  of  the  mnooos 
membrane  of  the  uterus  have  increased  notably  in  length. 
The  matter  which  is  to  become  the  membrana  decidua  is  ob- 
served deposited  between  and  upon  the  surface  of  the  villi ;  e,  e,  are  the  uterine 
vessels  extending  into  the  decidua  and  there  forming  loops.    (After  Baer,  ke, 
it.) 
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it  is  then  of  a  reddish  gray,  or  whitish  gray  colour,  and  presents 
the  consistency  of  concrete  fibrine ;  examined  under  the  micro- 
scope, it  is  found  to  be  entirely  composed  of  flattened  cells,  which 
have  nuclei  of  from  the  -ri-ffth  to  the  -j-rffth  of  a  line  in  diameter, 
and  in  addition  to  these,  dark  kernels  more  or  leas  replete  with 
fine  molecules  (as  fluid  of  the  cells) — (fig.  CIX.) ;  the  cells  are 
tessellated  or  arranged  like  a  piece  of  pavement,  one  by  the  side 
of  and  laid  over  another,  and  are  altogether  different  from  the 
Fio.  CVIII. 


Fig.  CVIII.^The  gravid  utenu  at  the  end  of  the  fourth  mooth  lud  opea  and 
the  ioTolucra  of  the  ovum  delineated  in  ritu.  Jn  the  cervix  uteri  there  ia  a  great 
phig  of  griatinouB  matter,  the  villi  of  which,  from  the  preparstion  hiving  been 
immened  in  alcohol,  are  extremely  diitiuct. — a,  Oi  eitemum ;  b,  b,  gelatinoiu 
[dog  fiDing  the  cervix  uteri  t  e,  e,  c,  the  utenis  reflected  in  four  flaps ;  d,  d, 
drcidna  vera  lining  the  uteraa ;  /,  /,  the  decidua  reflexa  puaing  into  the  vera  by 
a  circular  fold,  itilt  smooth  and  unconnected  inferiorlj  j  at/',/',  however,  it  ia 
rough,  as  at  this  part  it  was  in  contact  with  the  decidua  vera,  and  waa  on!]'  sepa- 
rated from  this  hj  force ;  g,  villi  of  the  chorion  ;  it,  amnion ;  *,  x,  z,  z,  tunica 
toedia,  lying  betwixt  the  amnion,  k,  and  the  chorion,  /,  and  forming  a  veritable 
membiane. 
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cylinder-epithelium  of  the  proper  uterine  mucous  membrane, 
which  at  this  tiqie  appears  to  have  been  detached,  and  given  way 
to  a  new  production.  The  decidua  vera,  as  this  new  mem- 
brane is  called,  either  forms  a  completely  shut  sac,  in  which  case 
it  covers  the  orifices  of  the  tubes,  and  even  sends  processes  into 
them  and  the  os  uteri ;  or  it  forms  a  pouch  partially  shut,  being 
wanting  in  these  situations ;  the  decidua  is  mo^  commonly  ab- 
sent over  the  os  uteri,  where  considerable  flap-like  appendages  or 
growths  ocQasionally  present  themselves  hanging  from  it  (plan,  fig. 
ex.  and  fig.  CXIII.) ;  it  is  also  frequently  wanting  over  the  mouths 
of  the  Fallopian  tubes  (fig.  XCVI.)  ^*\  It  is  only  now  and  then 
that  the  decidua  vera  is  formed  extending  some  little  way  into  the 

^*'f  I  am  firmly  persuaded  from  my  own  experience  that  the  hotly  contested 
point  of  the  presence  or  absence  of  the  three  openings  amounts  to  nothing. 
Every  one.  from  the  time  of  Hunter,  who  has  described  one,  two,  or  three  open- 
ings, or  who  has  denied  the  existence  of  any,  may  in  his  turn  be  right,  or  he 
may  be  wrong :  if  the  exudation  have  been  copious,  the  whole  of  the  three  natu- 
ral openings  of  the  uterus  may  be  covered,  and  a  completely  closed  membrane 
thus  produced ;  but  the  exudation  being  more  scanty,  one  or  two,  or  all  three  of 
the  openings  may  escape  a  covering,  and  then  there  is  a  decidua  with  a  corre- 
sponding number  of  outlets;  the  opening  into  the  cervix  uteri  as  the  largest  of 
the  three  openings  is  most  apt  to  escape  a  covering,  and  so  it  is  here  that  the 
decidua  is  most  frequently  found  defective. 


Fio.  CIX. 


Fig.  CIX. — a,  a,  Cells  of  the  decidua  vera  of  a  re- 
cent ovum  of  six  weeks ;  the  nucleus  in  the  middle  is 
surrounded  by  molecules ;  b,  section  of  a  cell  of  this 
kind;  c,  c,  nuclei  removed  from  the  cells,  of  the 
i^th  and  jjoth  of  a  line  in  diameter. 


Fig.  ex. 


Fig.  ex. — Sectional  plan  of  the  uterus  about 
eight  days  after  impregnation ;  a,  neck  of  the 
uterus ;  b,  b,  entrances  to  the  Fallopian  tnlies; 
c,  decidua  vera,  covering  the  walls  of  the  uterus 
at  every  point ;  d,  cavity  of  the  uterus. 
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cervix  uteris  within  which  a  plug  of  gelatinous-looking  matter  is 
generally  observed,  that  acquires  great  consistency  by  digestion  in 
alcohol,  looks  villous  on  the  surface  when  detached,  and  is  pro- 
duced from  the  foveoli  of  the  mucous  membrane  of  the  part  it 
occupies.  This  gelatinous  production  appears  as  a  delicate  exuda- 
tion in  the 'second  month,  acquires  size  and  consistency  in  the 
third  (fig.  CXIII.),  and  reaches  its  highest  development  in  the 
fourth  (fig.  CVIII.) ;  it  may  be  regarded  as  a  peculiar  formation, 
and  attains  its  most  perfect  state  at  the  same  time  as  the  decidua 
vera.  If  the  uterus  be  examined  during  the  first  half  of  the  period 
of  pregnancy, — and  researches  are  best  made  in  the  course  of  the 
second  and  third  month, — ^the  ovum  will  be  found  not  to  be  sur*- 
rounded  immediately  by  and  in  contact  with  the  internal  surfiice 
of  the  decidua  vera,  but  to  be  included  within  a  pouch  of  this 
membrane,  which  consequently  looks  as  if  it  had  grown  inwards 
at  a  particular  place  and  hung  like  a  sac  containing  the  ovum  into 
its  own  internal  cavity  (plan  figs.  CXI.  and  CXIL  and  figs. 
CVIII.  and  CXIII.).  The  membrane  which  surrounds  or  covers 
the  ovum  immediately  is  called  the  decidua  reflexa;  in  structure 
it  is  precisely  similar  to  the  decidua  vera,  but  on  the  whole 
thinner,  smooth  on  its  outer  surface,  which  is  tiuned  towards 
the  decidua  vera,  and,  like  the  inner  aspect  of  the  latter,  fur- 
nished with  slight  depressions  ;  towards  the  ovum,  again,  it  is 
rough  or  shaggy,  and  its  processes,  or  villi,  hang  towards  and 
coalesce  with  those  of  the  outer  aspect  of  the  chorion,  firom 

Fio.  CXI. 


Fig.  CXI. — Plan  of  the  uterus  at 
the  moment  when  the  ovum  /,  sur- 
rounded  with  its  chorion  g^  is  enter- 
ing its  cavity,  and  pushing  the  deci- 
dua vera  before  it  to  form  the  decidua 
reflexa.  a.  Neck  of  the  uterus ;  6,  h^ 
entrances  to  the  Fallopian  tubes ;  c, 
decidua  vera,  covering  the  walls  of 
the  uterus  at  every  point ;  </,  cavity 
of  the  uterus. 
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which,  though,  they  may  be  easily  enough  separated  at  first,  this 
is  done  with  more  difficulty  by-and-by,  and  in  the  third  month 
it  is  not  to  be  accomplished  at  alL  At  one  part  the  ovum  is 
covered  neither  by  the  decidua  vera  nor  by  the  decidua  reSexa ; 
this  is  where  the  placenta  is  formed,  and  usually  indicates  the  point 
of  reflexion  of  the  decidua  reflexa ;  here  there  is  a  thick  stratum  of 
a  substance  precisely  similar  to  the  decidua  reflexa,  which  attaches 
the  ovum  to  the  wall  of  the  uterus,  and  which  blends  intimately  on 
the  outer  side  of  the  refiex  fold  with  the  decidua  vera ;  this  thick 
stratum  is  named  the  decUbta  terotina,  Irom  its  appearing  to  have 
been  formed  at  a  later  period.  In  those  cases  in  which  extra- 
uterine conception  has  taken  place,  the  decidua  vera  alone  is  met 
with,  the  reflexa  and  serotina  are  wanting.  The  cavity  then  con- 
tmns  an  albuminous  fluid,  which,  in  ordinary  cases,  also  occupies 
the  space  between  the  decidua  vera  and  decidua  reflexa,  so  long  as 
the  two  continue  unconnected  {hydroperione  of  Breschet). 
These  twofold  membraneB,  the  decidua  vera  and  decidua  reflexa, 

Fia.  CXII. 


Fig.  CXIL-SectiowJ 
plan  of  the  utenu  with 
the  ovum  further  ul- 
vanced ;  the  cerm  uteri 
is  now  plugged  up  with 

the  decidua  vera,  c,  mh^ 
a  process,  c*,  into  tbs 
right  Fallopian  tabe )  the 
cavity  of  the  nterua  i« 
almoet  completely  ocev- 
pied  by  the  ovum  i  f,  '• 
pointa  of  reflezioD  of  tba 
decidua  reflexa ;  /,  de- 
cidua lerotina; ;,  allui- 
toui  i, umbilical veude, 
with  ita  pedicle  in  ibe 
umbilical  cord;  i,  am> 
nion  ;  k,  dknioii ;  be- 
tween the  two  the  apace 
for  the  albumen. 
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may  be  not  unfrequently  demonstrated  in  aborted  ova  of  the  first 
three  months ;  occasionally  the  ovum  is  surrounded  by  both  the 
sacs  shut  and  quite  entire ;  more  commonly,  however,  the  decidua 
vera  can  alone  be  traced,  and  that  is  in  flaps  of  various  sizes  (tig. 

Fie.  CXIII. 


Fig.  CXIII.— Utems,  with  an  included  ovum,  in  tlw  twelftli  or  thirteenth 
week  ofpngaancj.  He  cervix  uteri  ia  doaed  with  a  mucous  or  geUtinous 
plug  t  the  membruiea  are  opened  and  the  embryo  ia  taken  e  titu,  but  is  BtiU 
Bttacfaed  hj  the  naval  string,  a,  0«  externum ;  b,  b,  gelatinous  plug  of  the  cer- 
vix uteri ;  c,  e,  e.  c,  the  uterus  reflected  in  four  flaps ;  d,  d,d,d,  decidua  rera 
apread  over  the  inner  aspect  of  the  uterus ;  e,  e,  two  great  smooth  flaps  of  the 
deddua  vera,  drawn  somenhat  apart;  thejr  closed  die  internal  orifice  of  the 
ntenis ;  /,/,  decidua  reflexa,  passing  hy  a  circular  fold  or  reflexion  into  the  de- 
cidua vera ;  g,  g,  g,  vilh  of  the  chorion  j  k,  amnion  (  t,  umbilical  reside ;  k,  um- 
bilical cord  I  /,  embryo  j  m,  opening  of  the  decidua  into  the  orifice  of  the  left 
FaUopiao  tube  i  m,  space  between  the  amnion  and  chorion  for  the  tunica  media. 
[The  pans  are  represented  of  two>thirds  the  natural  siie.] 
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LXXX  VII  I.  a^p),  hanging  from  the  point  of  reflexion.  The  decidua 
reflexa  is  usually  much  altered,  and  thicker  instead  of  thinner  than 
natural,  in  consequence  of  the  infiltration  of  blood  into  its  sub- 
stance,— an  accident  which  is  often  intimately  connected  with  the 
occurrence  of  abortion  '^'.  In  some  few  instances  the  reflexa  seems 
actually  to  be  wanting,  a  fact  for  which  researches  on  the  pregnant 
uterus  itself,  as  well  as  on  otherwise  normal  aborted  ova,  appear  to 
vouch  '^".  In  the  later  periods  of  pregnancy,  the  two  deciduous 
membranes  are  parted  with  increasing  difficulty,  and  at  last  they 
are  not  to  be  separated  at  all;  they  grow  together  probably  in 
consequence  of  the  contact  and  the  pressiure  occasioned  by  the 
enlarged  and  still  enlarging  ovum;  but  even  in  ova  that  have  at- 
tained  maturity,  and  in  the  after-birth,  they  can  still  be  demon- 
strated as  a  simple,  pretty  thick,  and  cohering  membrane  '**.  Still 
later,  for  several  weeks  aft«r  parturition,  the  mucous  membrane  of 
the  uterus  is  extremely  loose  and  spongy,  and  small  shreds  or  por- 
tions of  it  are  even  thrown  off  along  with  the  lochial  discharge. 

^^^  Such  cases,  in  which  in  aborted  ova  the  decidua  vera  presents  itself  in  a 
varying  state  of  completeness  over  the  reflexa,  are  very  numerous,  and  I  should 
say  that  a  flap  at  the  point  of  reflexion  was  the  rule.  As  observations  upon  this 
point  are  far  more  readily  made  on  aborted  ova  than  on  such  as  are  still  con- 
tained in  the  uterus,  I  shall  here  mention  a  few  particular  places  where  they  may 
be  consulted,  merely  stating  that  fig.  XC.  may  be  taken  as  a  kind  of  type  of 
them  all : — Hunter,  on  the  Qravid  Utenu,  tab.  xzxiii.  figs.  1,  2,  3,  4,  co{ued  by 
Loder,  Tab.  Anatom.  tab.  xc.  figs.  1,  2,  3,  4 ;  Velpeau,  tab.  viii.  figs.  3  and  7, 
tab.  xi.  fig.  2 ;  Breschet,  tab.  ii.  fig.  3,  tab.  iv.  6g.  5 ;  Bock,  Diss,  de  MembroMa 
Decidua  Hunteri,  Bonn,  1831 ;  Kilian,  Gebwrtsh.  AtlaSj  tab.  xxiv.  ^.  2,  where  the 
figures  are  as  true  to  nature  as  they  are  beautiful ;  Mayer,  Icones  Seleeta,  Bonn, 
1831,  tab.  V.  fig.  7. 

^^  I  have  never  found  the  decidua  reflexa  wanting  in  the  uterus,  although  this 
is  said  occasionally  to  be  the  case  by  several  observers.  But  then  it  was 
wanting  in  the  normally-formed  ovum  of  the  third  week,  represented  in  fig* 
LXXXIII. ;  here  the  decidua  vera  surrounded  the  ovum  closely  with  its  smooth 
surface :  it  was  shaggy  externally,  completely  closed,  and  formed  a  moold  of 
the  inner  cavity  of  the  uterus ;  it  was  readily  detached  as  a  complete  sac.  On 
the  possibility  of  the  occurrence  of  such  a  formation  of  the  decidua,  vide  later 
(§  82). 

^^  Hunter  was  aware  of  the  persistence  of  the  decidua  to  the  period  of  birth, 
and  speaks  of  the  mode  in  which  it  presents  itself  in  the  secundines;  but  Bis- 
choff,  in  his  '<  Gmiributions  to  the  Doctrine  of  the  Membranes  if  the  Hm» 
Fottus"  (Beitrage  sur  Lehre  von  den  EikiiUen,  Sec.  Bonn,  1834),  gives  a  more 
particular  account  of  the  matter.  He  shows  the  presence  of  two  membranes  in 
the  after-birth,  which  are  unquestionably  the  united  decidua  vera  and  deddua 
reflexa.  What  BischofF  speaks  of  as  probable,  I  have  had  occasion  to  confirm 
in  regard  to  both  the  vera  and  reflexa  being  originally  furnished  with  vessels  i 
they  are  only  fewer  in  the  latter  than  in  the  former.    The  cells  are  still  very  dis- 
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Among  the  mammalia  a  decidua  vera  can  always  be  demonstrated^ 
but  ill  none  of  them  does  the  decidua  reflexa  appear  to  be  pre^ 

sent'". 

Of  the  Foetal  Enwehpes  produced  origindUy  from  the  Ovum, 

or  subsequently  from  the  Embryo. 

§  78.  At  the  earliest  periods  at  which  human  ova  have  yet  been 
examined  in  the  uterus, — and  this  has  been  when  they  were  but  of 
the  size  of  a  pea, — ^the  chorion  has  been  foimd  surrounding  the 
embryo  loosely  as  a  simple  membrane,  shut  on  all  sides,  smooth 
internally,  roiigh  from  the  presence  of  short  cylindrical  villi  exter- 
nally,— a  kind  of  epithelial  basis  of  the  future  membrane,  with  its 
various  peculiarities"*.   In  ova  that  are  somewhat  farther  advanced, 

tinct  here,  and  look  like  transparent  bladders,  often  full  of  molecules,  but  with 
very  dear  nuclei. — Vide  f^.  CXIV. 

'^^  In  the  bitch,  precisely  as  in  the  human  subject,  there  is  a  lining  membrane 
analogous  to  the  decidua  in  all  respects,  formed  in  the  uterus  before  the  arrival 
of  the  ova  within  its  cavity ;  it  is  vascular,  thick,  and  covered  on  its  surface  with 
large  cells  Hke  those  of  a  honeycomb. — ^Vide  Baer,  in  Entwickehmgsg.  ii.  242, 
and  Bojanus's  Flgwres  m  Nova  Acta  Acad.  Nat.  Cur,  vol.  z.  pi.  viii.  fig.  1,  b.  ii. 
3  c.  The  reason  of  the  absence  of  the  decidua  reflexa  in  animals  as  well  as  of 
its  presence  in  man,  lies  in  the  dissimilar  form  of  the  uterus  and  relations  of  the 
oviducts  to  it ;  in  animals,  the  oviduct  or  Fallopian  tube  expands  and  opens 
gradually,  or  rather  is  continued  freely,  into  the  uterus ;  in  the  human  subject, 
on  the  contrary,  it  enters  the  thick  walls  of  the  uterus  as  a  very  slender  canal, 
and  opens  by  a  narrow  orifice  and  at  a  right  angle  upon  its  inner  smface. 

*'*  It  woidd  be  needless  here  to  mention  the  numerous  writers  on  the  chorion 
and  tiie  rest  of  the  fcetal  membranes;  I  shall  merely  quote  particularly  the 
monograph  of  BischoflT  upon  the  subject,  entitled,  "  Contributions  to  the  Doc- 
trine of  the  Membranes  of  the  human  Foetus'*  {Beitrdge  eur  Lehre,  ^jcc,  Bonn, 
1834.),  written  with  much  critical  acumen,  and  based  on  numerous  individual 
inquiries.  The  account  in  the  text  is  principally  after  my  own  observations  and 
inquiries.  Some  microscopical  researches  upon  the  membranes  by  Breschet  and 
Gluge  win  be  found  in  the  Amn,  des  Sciences,  Nat,  t.  viii.  p.  224,  with  which  my 

^ ^ I.  .M    ■  ■  I  !■  ■         I  I  I       ■  II  I         ■!■      ■     ■  .  I  I  II  _PI  I  I   I  _ 

Fio.  CXIV. 


Fig.  CXIV. — Cells  of  the  placentary  decidua  of  an 
ovum  arrived  at  the  full  time.  The  nuclei  are  ex- 
tremely plain;  in  the  cells  b,  b,  treated  with  acetic 
acid,  the  granular  corpuscules  of  the  nuclei  have  be- 
come apparent. 
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the  villi  are  less  crowded ;  they  protrude  in  the  form  of  conuderably 
broader  veBicles ;  the  spaces  betwixt  them  are  wider  and  smooth, 
and  they  end  in  more  delicate,  rounded  extremities.  At  the  b^iin- 
ningof  the  second,  perhaps  in  the  course  of  the  first  month,  the 
villi  are  observed  to  divide  into  branches,  which  arise  from  short 
thin  stems,  and  terminate  either  thin  or  filiform,  or  in  vesicular 
enlargements  (fig.  CXV.}.  The  smooth  interspaces  increase  coor 
tinually  in  extent ;  the  membrane  even  shows  a  general  tendency 
to  become  naked,  all  hut  in  one  particular  part,  which  was  without 
villi  at  an  earlier  period ;  this  now  becomes  thickly  covered  with 
villi,  and  here  they  go  on  increasing  in  a  much  greater  proportion 
than  in  other  situations,  so  that  the  chorion  of  ova  about  the  middle 
of  the  period  of  pregnancy  is  generally  smooth  externally,  whilst  in 
the  part  indicated,  the  dendritic  viUi  are  large,  closdy  crowded 
together,  and  here  coalesce  in  an  especial  manner  with  the  decidua, 
pushing  then-  ramifications  into  the  thick  stratum  of  the  decidua 
serotina :  in  this  manner  and  in  the  course  of  the  third  month  is 
the  PLACENTA  formed.  The  chorion  is  entirely  without  vascu- 
larity, and  is  a  membrane  made  up  of  cells,  which  in  many  parts 
compose  a  structure  that  bears  the  closest  resemblance  to  that  of 
vegetables ;  each  cell  contains  a  large  distinct  nucleus  (fig.  CXVI.) ; 
the  villi  participate  in  the  same  structure,  but  their  cells  are  farther 
filled  with  a  granular  matter,  (fig.  CXVI).  From  the  inner  waU  of 
the  chorion,  especially  over  the  placenta,  a  layer  may  be  detached 

own  obsNvatione  agree  in  the  mun.  Perhapa  the  beat  drawings  of  the  cbaiiwtt 
and  ita  appendages,  extant,  occur  in  Snler'a  work,  "  The  Utenu  and  Onun  of 
Man  (Bit  Gtbanmater  wtddatEidei  Menteke*,  Dresden,  1833), 


IHg.  CXV.  One  of  the  villi  of  the  chorion  sriting  bf 
n  ainftle  root,  but  dividing  into  numerous  brancbH. 
natural  nie.  It  i«  one  of  the  viUi  of  the  ovwn  dc- 
IHcted  in  Bg.  XCVI. 


k    lA  ^'  ^^^^-  *^"  ^'^  ^^  ^'  "^  ^^  chorion  of  a  icetnt 

R  f^P'       ovum  of  tbe  sixth  week :    o,  a,  cells  plentiAilly  6D«t  vidi 
*  _.  moleculei ;  b,  a  nudena  isolated. 
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more  or  less  obviously^  which  is  very  vascular,  penetrates  among 
the  villi,  and  carries  in  large  convoluted  bundles  of  vessels,  which 
run  to  the  ends  of  the  villi.  This  vascular  lamina,  which  cannot 
be  demonstrated  at  every  point  of  the  circumference,  is  named  the 
Enbochorion,  in  contradistinction  to  the  outer  lamina,  which  is 
called  the  Exochorion  "S  In  ova  that  have  not  been  injured, 
and  in  such  as  are  examined  in  situ  within  the  uterus  during  the 
third  and  fourth  months,  a  separate,  extremely  delicate  arachnoid 
membrane  will  be  observed  enveloping  the  amnion  loosely,  but 
completely,  and  situated  between  that  membrane  and  the  chorion 
(fig.  CVIII.).  This  membrane  may  also  be  readily  demonstrated 
in  its.  separate  condition  through  the  whole  of  the  second  half  of 
the  period  of  pregnancy,  and  even  in  the  secundines  of  ova  that 
have  attained  the  full  period.  It  is  usually  distinguished  by  the 
name  of  the  tunica  media,  or  middle  tunic*^.  In  the  first  months 
of  pregnancy,  instead  of  the  membrane  now  described,  an  albu- 
minous mass  of  very  various  consistency  is  found,  often  inter- 
mingled with  numerous  fiocculi  and  threads,  occasionally  pulpy  or 
gelatinous,  and  still  oftener  arachnoidal  in  its  characters.  Put  into 
spirit,  this  mass  assumes  the  appearance  of  the  cellular  tissue  that 
is  found  between  the  muscles,  and  seems  in  fact  to  stand  in  the 
same  relation  to  the  amnion  and  chorion  as  the  intermuscular  cel- 
lular membrane  does  to  the  fasciculi  between  which  it  lies :  this 
mass  occupies  the  space,  in  young  ova  still  considerable,  which 
intervenes  between  the  amnion  and  chorion  (fig.  XC./).  This  mat- 
ter or  tissue  has  been  designated  by  different  names,  and  been 
very  commonly  compared  to  the  albumen  of  the  egg  of  the  bird 
and  certain  other  animals***.  Next  comes  the  amnion,  which  en- 
velopes the  foetus  immediately,  lying  very  close  to  it  in  the  earlier 
periods,  and  being  continued  inunediately  into  the  outer  covering  or 
common  integument  of  the  embryo  by  the  open  abdominal  parietes 
(fig.  LXXXVIII.  and  figs.  CXXIII.  and  CXXIV.).  In  older  ova 
the  anmion  is  in  contact  with  the  chorion,  or  rather  with  the  inter- 

^^  The  distinction  between  the  exochorion  and  endochorion  was  drawn  by 
Burdach ;  the  latter  he  regards  as  formed  by  the  union  of  the  allantois.  Vide 
§80. 

^^  Bischofi*  has  given  a  careful  account  of  the  tunica  media  as  a  distinct  mem- 
brane in  ova  at  the  full  time  (1.  c.) ;  I  have  again  and  again  observed  it  in  ova  of 
every  age ;  I  agree  in  essentials  with  BischofiTs  view,  that  it  is  formed  by  the 
compression  and  consolidatif  n  of  the  mass  named  the  albumen  ovi. 

*^  This  formation,  described  by  MiiUer,  Valen«^in«  and  others,  as  albumen,  is 
spoken  of  by  some  (Velpeau  for  instance)  as  the  allantois,  and  is  called  by 
different  names — arachnoidal  membrane,  magma  reticulare,  &c. 

o 
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posed  tunica  media;  but  from  this  it  is  easily  removed:  it  covers  the 
umbilical  cord  externally,  and  at  the  umbilicus  is  continuous  with 
the  common  integument  of  the  fcetus :  it  is  filled  with  a  watery, 
very  shghtly  albuminous  fluid,  the  liquor  amnii,  in  which  flocculi 
(epithelial  scales  detached  from  the  surface  of  the  embryo)  are 
commonly  seen  suspended.  The  liquor  amnii  shows  strong  alka- 
line reaction,  and  contains  albumen  and  salts  of  the  phosphoric, 
sulphuric,  and  carbonic  acids  '*'. 

Of  the  umbilical  Vesicle. 

§  79.  The  difference  and  dispute  to  which  the  umbilical  vesicle  gave 
rise  among  the  writers  of  the  by-gone  age,  may  be  held  as  recon- 
ciled and  ended  by  the  concurring  views  of  observers  of  the  pre- 
sent day'**.  It  is  now  satisfactorily  demonstrated,  that  the 
umbilical  vesicle  is  constantly  present  as  a  normal  formation  in 
th^  earlier  months  of  pregnancy,  and  that  it  is  connected  with  the 
intestinal  canal.  Repeated  observation  has  shown  that  the  umbi- 
lical vesicle  is  relatively  very  large  in  the  youngest  embryos,  that  it 
rests  immediately  upon  the  intestine,  and  communicates  ¥rith  its 
cavity,  having,  at  this  time,  a  rounded  or  oval  form  (figs.  LXXXI V. 
and  LXXXV.).  At  a  very  early  period,  however,  it  becomes 
pedunculated;  its  neck  is  produced  into  a  canal,  which  is  hoUow 
at  first,  so  that  its  contents  can  be  pressed  backwards  and  for- 
wards into  the  bowel  "*.    This  canal  or  pedicle  is  of  very  different 

^^7  Writers  Beem  to  agree  much  more  generally  in  their  views  of  the  amnion 
than  of  any  of  the  other  memhranes ;  few,  however,  have  seen  it  still  open,  and 
enveloping  the  emhryo  closely.  Vide  §  72.  According  to  cheniical  analysis  the 
liquor  amnii  contains  from  ninety-six  to  ninety-eight  parts  of  water,  from  one  to 
three  parts  of  alhumen,  and  smaller  quantities  of  the  lactates  and  phosphates  of 
soda,  and  a  little  potash.  The  statement  of  Frommhers  and  Gugert  that  the 
liquor  anmii  contained  urea,  Berzelius  regards  as  requiring  confirmation;  physio- 
logically such  a  drcumstance  is  very  unlikely. 

'*"  Mayer  seems  the  only  modem  anatomist  who  still  seems  to  caU  in  question 
the  original  communication  of  the  umbilical  vesicle  with  the  intestinal  canal, 
although  he  admits  its  analogy  with  the  vitellary  sac  of  birds.  (Noo.  Act,  Acad. 
Nat.  Curios,  vol.  zvii.  p.  555.) 

i^  Velpeau,  in  the  plainest  manner,  saw  that  the  pedicle  was  hollow,  in  dif- 
ferent ova  he  could  press  the  yellowish  fluid  contained  in  the  vesicle  into  the  in- 
testine  (1.  c.  p.  33).  Baer  says  (1.  c.  p.  271),  ''that  this  yolk-duct  is  a  perrious 
canal,  I  have  satisfied  myself,  I  think  in  almost  every  ovum  of  six  weeks  that  I 
have  yet  examined ;  in  some,  I  found  the  communication  very  free,  and  once  I 
distinctly  saw  vitellary  matter  in  the  lower  intesl^e.*'  These  views,  themselves 
deduced  from  observation,  are  supported  by  the  researches  of  Hunter,  Pockels, 
Bojanus,  Oken,  Kieser,  Miiller,  Burdach,  Bischoff,  and  myself.    The  umbilical 
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lengths  in  different  embryos ;  in  those  that  are  more  mature,  the 
umbilical  vesicle  is  often  found  nearer  the  abdomen  than  in  others 
that  are  much  less  advanced*  It  does  not  long  remain  pervious ; 
at  the  end  of  the  first  month  it  is  already  filiform  (fig.  LXXXVI.). 
With  the  increase  of  the  amnion,  the  umbilical  vesicle  is  found  as 
a  pyriform  body  betwixt  this  membrane  and  the  chorion  (fig. 
XCVI.) ;  it  collapses  more  and  more ;  the  pedicle  is  obliterated  in 
the  second  month,  and  becomes  an  extremely  fine  thread,  which, 
however,  may  be  traced  to  the  end  of  the  noose  of  intestine  con- 
tained within  the  umbilical  cord  (figs.  XCI.  ^,  XCIII.  b).  Such 
continues  to  be  the  condition  of  the  umbilical  vesicle  to  the  end  of 
pregnancy,  when  it  may  still  be  demonstrated  in  the  membranes ; 
the  shrunk  vesicle  itself  may  be  discovered  between  the  amnion 
and  chorion,  and  a  filiform  appendage  traced  from  it  into  the 
umbilical  cord  '**.  It  contains  a  yellowish  white,  sometimes  yolk- 
yeUow  coloured  fluid,  in  which  numerous  globules  and  oil-globules 
are  suspended.  It  appears  to  consist  of  two  laminse,  an  external 
vascular,  and  an  internal  mucous  layer,  which,  as  in  the  yolk-bag 
of  birds,  generally  presents  a  villous  and  plicated  inner  super- 
ficies. It  rarely  happens,  that  anything  like  a  vascular  rete  can 
be  perceived  externally ;  when  it  is  apparent,  its  meshes  are  rhom- 
boidal  in  figure,  and  cover  the  entire  surface  (fig.  CXVII.) ;  it 
is  much  more  common  to  observe  blood-vessels  on  the  pedicle; 
these  consist  of  an  artery — ^the  omphalo-mesenteric  artery,  which 
arises  firom  the  aorta,  and  passes  over  the  intestinal  loop  of  the 

veside,  however,  it  is  well  to  be  aware,  is  very  commonly  found  obliterated  in 
aborted  ova  of  six  weeks :  vid.  figs.  XCI.  XCI  I.  and  XCIII.  One  of  the  best 
figures  of  this  relation  of  the  umbilical  vesicle  to  the  intestine  extant  is  tbat  of 
Kieser,  which  is  contained  in  his  work.  On  the  Ongrn  of  the  intestinal  Canar,Jrom 
ike  umbilical  Veeiele,  (Ueber  den  Urepfvng  dee  Darmkanals,  SfC,  Gotting.  1810.) 

^^  This  late  existence  of  the  umbilical  vesicle  has  recently  been  particularly  de- 
monstrated by  Mayer  (I.  c.)  and  illustrated  by  very  beautiful  drawings. 


Fio.  CXVII. 


Viff,  CXVII. — A  magnified  umbilical  vesicle,  some- 
what freed  from  super-imposed  structures,  to  show  the 
vascular  net-work  that  covers  its  surface ;  a  and  b,  por- 
tions of  the  amnion ;  vessels  are  seen  proceeding  from 
these  points  towards  the  umbilical  vesicle ;  c,  duct  of  the 
umbilical  vesicle,  returning  to  join  the  intestine.  (After 
Baer,  loc.  cit.) 

o2 
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umbilicus  (fig.  XCIII.  c),  and  a  vein — the  omphalo-mesenteric 
vein,  which  terminates  in  the  vena  cava  d  "*. 

Review  of  the  doctrine  of  the  AUantois. 

§  80.  No  part,  in  the  history  of  the  development  of  the  human 
embryo  is  so  obscure,  or  none  so  difficult  to  study,  as  that  which 
has  the  allantois  for  its  object;  no  where  is  it  more  necessary 
to  revert  to  the  development  of  birds  and  mammalia  to  seek  light 
than  here.  In  the  chick  we  have  seen  the  allantois  formed  ftom 
the  lower  intestine,  and  making  its  appearance  on  the  third  day  as 
a  pyriform  vesicle,  which  grew  rapidly,  consisting  originally  of 
the  mucous  layer  above,  but  receiving  a  covering  from  the  vascular 
layer  at  a  very  early  period,  and  then  presenting  a  thick  net-work 
of  blood-vessels,  consisting  of  two  umbilical  arteries,  and  an  umbi- 
lical vein.  Thus  constituted,  the  allantois  shoots  into  the  space  be- 
tween the  amnion  and  the  serous  investment,  grows  quickly  around 
the  embryo  as  a  flattened  bag  or  bladder,  lying  all  the  while  close 
to  the  membrane  of  the  shell,  and  coalescing  by  its  two  contingent 
surfaces,  it  finally  forms  a  membrane  that  envelopes  the  ovum  or 
embryo  completely,  and  is  now  known  by  the  name  of  chorion. 
The  allantois  of  birds  continues  in  open  communication  with  the 
cloaca  by  means  of  a  pedicle,  and  the  fluids  secreted,  in  the  first 
instance  by  the  Wolffian  bodies,  and  then  by  the  kidneys,  are 
transmitted  to  its  cavity,  which,  therefore,  actually  contains  urine, 
and  often,  by  the  end  of  the  period  of  incubation,  whitish  concre- 
tions or  deposits,  which,  when  examined  chemically,  are  found  to 
consist  in  great  part  of  uric  acid  *'*.  In  all  the  orders  of  mam- 
malia, so  far  as  observation  has  yet  extended,  an  allantois  has 
been  found  to  be  formed  in  a  very  similar  manner ;  it  arises  as  a 
small  vesicle  fi-om  the  cloaca,  and  is  speedily  covered  by  a  vascular 
lamina,  carrying  along  with  it,  precisely  as  in  birds,  two  umbilical 

"^  Kieser  has  given  figures  of  these  vessels,  and  they  are  finely  shown  in  the 
figure  of  an  ovum  of  eight  weeks,  by  Seller  (pp.  cit.  tab.  x.).  Baer  has  like- 
wise represented  the  vascular  rete  of  the  umbilical  vesicle  in  an  ovum  of  the  fiftb 
week ;  he  could  discover  no  sinus  terminalis ;  on  th'g  inner  surface  of  the  umbi- 
lical vesicle,  however,  he  discovered  extremely  minute  villi,  similar  to  those  of 
the  yolk-bag  of  birds  (pp.  cit.  ii.  tab.  vii.  figs.  18,  1 9).— Siebold's  Jounudy 
p.  406,  fig.  v.,  copied  fig.  cxvii.  Vide  also  corresponding  relations  of  the  ves- 
sels in  the  dog,  fig.  LXXIX.  A,  B,  C,  p.  159,  after  Bojanus. 

>"  On  the  development  of  the  allantois  of  birds,  vide  the  first  chapter  of  this 
section.  Jacobson  found  the  whitish  concretions  composed  almost  entirely 
of  uric  acid. 
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arteries  from  the  aorta^  and  two  veins,  which  generally  unite  into 
a  single  trunk,  and  proceed  as  the  umbilical  vein  to  the  vena  cava. 
With  the  formation  of  the  navel-string,  the  portion  which  lies 
within  the  abdomen  becomes  partially  divided  at  the  umbilicus 
from  that  which  lies  without  it ;  the  intra-abdominal  portion  en- 
laiges,  and  is  transformed  into  the  urinary  bladder;  the  con- 
stricted portion  at  the  umbilicus  lengthens  out  into  a  hollow 
canal — ^the  urachus,  which  leads  to  the  extra-abdominal  portion 
or  allantois,  which  now  presents  itself  as  a  bladder  of  various  size 
and  figure,  lying  between  the  amnion  and  chorion,  and  filled  with 
fluid,  which,  as  in  birds,  is  at  last  urinous  in  its  characters.     In 
many  families  of  mammalia,  as,  for  example,  in  the  solidungula, 
where  the  allantois  grows  to  a  great  length,  tears  through  the 
chorion  at  either  end,  and  distends  the  whole  uterus,  the  vascular 
is  detached  from  the  mucous  layer;  the  former  shoots  with  its 
vessels  into  the  chorion ;  the  latter  remains  as  a  completely  unvas- 
cidar  sac,  in  communication  with  the  urachus.     In  the  carnivora, 
the  allantois  arises  in  the  same  manner,  advances,  coalesces  by  its 
outer  most  vascular  surface  with  the  chorion,  sends  processes 
into  the  villi  of  this  membrane,  and  thus  forms  the  placenta; 
here  there  appears  to  be  no  separation  of  a  mucous  layer  (fig. 
LXXIX.  Ay  from  the  dog)  *".   White  concretions  are  also  frequently 
found  in  the  fluid  of  the  allantois  of  many  mammalia.     In  the 
human  being  it  is  only  in  the  very  earliest  periods  that  traces  of 
an  allantois  can  be  discovered;  but  the  observations  that  bear 
upon  this  point  are  helped  out,  and  rendered  more  complete  by 
the  occurrence  of  certain  abnormal  states,  occasionally  met  with 
in  ova  of  an  early  period,  in  consequence  of  imperfect  develop- 
ment, or  an  arrest  of  evolution  experienced  in  some  prior  stage. 
In  embryos  from  a  fortnight  to  three  weeks  old,  in  which  the  ab- 
domen is  still  widely  open,  a  pyriform  bladder  is  seen  springing 
from  the  lower  extremity  of  the  intestine,  which  contains  vessels, 
and  is  directed  towards  the  chorion ;  embryos  oflen  perish  before 
this  has  occurred,  when  the  allantois  lies  in  the  form  of  a  bladder, 
near  or  under  the  umbilical  vesicle  "*.     In  ova  that  are  somewhat 


^^  Baer  deecribes  the  various  forms  of  the  allantois  in  particular  families  of 
mammalia  in  the  second  part  of  his  History  of  Development,  p.  193. 

***  I  am  disposed  to  regard  the  representation  of  Pockels  (Im,  1825,  tab.  zii.) 
of  Coste  (Einbfyohgie,  tab.  iii.  figs.  4  and  5,)  and  of  Baer,  (in  SieboUTs  Journal, 
figs.  vii.  and  viii.,  and  History  ^Development,  tab.  vi.  figs.  16  and  17,)  as  in- 
stances in  which  the  human  allantois  is  more  or  less  obvious,  in  some  of  which 
indeed  it  has  retained  its  genuine  original  form. 
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farther  advanced^  this  bladder  is  observed  to  have  become  broader, 
and  is  in  contact  to  a  greater  or  less  extent  with  the  chorion  (fig. 
LXXXV.  h — ») ;  here  it  is  easy  to  trace  the  broad  open  duct  fi'om 
the  cloaca  to  the  chorion  (n') ;  about  this  time  the  mucous  layer 
seems  to  separate  from  the  vascular  layer ;  the  latter^  in  all  proba- 
bility, betakes  itself,  in  its  rudimentary  state,  to  join  the  chorion ; 
with  the  closure  of  the  abdomen,  and  the  greater  extent  to  which 
the  mucous  layer  is  produced,  the  duct  becomes  continually 
smaller  and  narrower;  though  it  may  often  still  be  inflated  with 
air  in  the  course  of  the  fifth  week ;  the  fimnel-shaped  extremity 
with  which  it  approaches  the  chorion  is  perceived,  and  here,  white 
concretions,  like  little  pieces  of  friable  chalk,  are  finequently  met 
with  "*.  Towards  the  embryo,  again,  the  duct  bepomes  wider,  and 
terminates  in  the  urinary  bladder,  which  has  just  been  separated 
fi*om  the  intestine.  Small  pear-shaped  vesicular  dilatations  oft;en 
remain  within  the  navel-string,  which  are  more  or  less  distinct 
fix)m  the  tract  of  the  duct,  and  are  fi'equently  occasioned  by  the 
presence  of  concretions  **•.  The  remains  of  the  allantoic  duct,  or 
urachus,  which  had  been  obliterated  at  an  early  period,  may  be 
demonstrated  in  the  umbilical  cord. 

Of  the  Placenta  and  Umbilical  Cord. 

§  81.  We  have  already  seen  (§  72  and  73)  that  the  chorion  is 
at  first  covered  with  villi  nearly  to  the  same  extent  over  every  part 

^"  Many  writers,  and,  among  the  number,  Jo.  Miiller  (in  Meckel's  Arcktv, 
1830),  speak  of  such  concretions.  Unfortunately,  one  which  I  had,  myself, 
found  within  the  allantoic  duct,  as  it  passed  into  the  chorion,  was  lost  by  the 
chemist,  to  whom  I  had  sent  it  for  analysis.  I  have  fiUed  the  allantoic  canal  dis- 
tinctly with  air,  as  it  lay  near  the  canal  of  the  umbilical  vesicle.  Two  of  the 
figures,  9  and  10,  of  Baer's  tab.  vi.  appear  to  refer  to  this  point.  The  particu- 
lars, stated  in  the  text,  are  all  based  on  my  own  researches. 

^**  Von  Baer  has  descanted  at  some  length  on  these  vesicles  in  the  course  of  the 
umbilical  cord ;  and  has  represented  in  the  fourteenth  fig.  of  his  pi.  vi.  He  also 
refers  to  the  figure  of  Seiler,  tab.  x.  as  exhibiting  the  same  subject.  Pockels  has 
described  and  figured  one  of  these  bladders,  under  the  name  of  erythrois ;  Seiler 
has  done  the  same  thing  under  that  of  allantois.  In  regard  to  the  formation  of 
the  allantois  in  man.  Von  Baer  holds  one  of  two  modes  possible ;  either  the 
lamina  vasculosa  is  raised  from  its  original  situation,  and  applied  in  the  form  of 
a  membrane  to  the  outer  membrane  of  the  ovum  (the  chorion),  and  more  or  less 
to  the  amnion  also,  or  there  is  no  division  according  to  its  component  layers ; 
but  the  vessels,  as  soon  as  the  allantois  has  reached  the  outer  envelope  of  the 
ovum,  shoot  into  and  find  a  nidus  in  this,  when  the  allantois,  now  become  su- 
perfluous, increases  no  farther.  The  latter,  Baer  is  induced,  from  his  re- 
searches, to  regard  as  the  more  probable  mode  of  formation. 
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of  iU  surface,  and  that  these  villi  become  concentrated,  as  it  were, 
in  the  course  of  the  third  month,  upon  a  particular  part,  where 
they  grow  with  great  luxuriance,  the  rest  of  the  chorion  becoming 
in  the  aame  proportion  smooth.  The  concentration  of  the  villi 
occun  in  consequence  of  the  production  of  vessels  in  the  interior 
from  the  allantoic  layer  of  the  chorion — the  endochorion ;  it  is,  in 
fact,  oaly  at  the  place  where  the  umbilical  vessels  are  particularly 
developed,  that  the  villi  increase  continually  in  size,  and  this  usually 
occurs  in  the  situation  where  the  decidua  vera  is  reflected  to  become 
the  decidua  reflexa.  Vessels  are  also  originally  developed  over  the 
■uperflcies  of  the  chorion  in  general,  and  penetrate  with  its  villi 
into  the  decidua ;  but  they  soon  shrink  and  disappear.  As  addi- 
tional matter  is  poured  out  by  the  walls  of  the  uterus  at  the  part 
where  the  vessels  and  villi  are  especially  enlarged,  a  thickening 
takes  place,  which  has  been  spoken  of  under  the  title  of  the 
decidua  serotina ;  and  this  gives  origin  to  the  placenta,  a  more  or 
less  regularly  circular,  discoidal,  and  well  defined  mass  towards  the 
end  of  pr^nancy.  The  maternal  blood-vessels  enter  freely  into  this 
formation ;  the  arteries  appear  to  pass  quickly  into  capacious  veins, 
having  very  thin  parietes,  by  which  a  tissue  or  network  of  capil- 
laries of  extremely  wide  calibre  is  produced,  amidst  which  the  ves- 
sels of  the  embryo  ramify.  The  two  umbiUcal  arteries  run  tortuous 
along  the  elongated  navel-string,  divide  into  large  branches  upon 
that  surtace  of  the  placenta  which  is  turned  towards  the  membranes 
of  the  ovum,  and  then  plunge  along  with  the  villi  into  the  sub- 
stance  of  the  mass ;   they  run  still  tortuous   in   the  hollow  di- 


Fig.GXVHL-A  very  amaU 
and  eitrsmely  simple  rillua  from 
the  fcEtal  portion  of  the  buman 
jilacentB,  the  veMele  of  which 
iiave  been  eDCceBsfully  injected. 
An  inatance  of  the  kind  in 
which  the  origin  of  the  CHpitlary 
veBsel  distributed  to  the  villua  i» 
eeen,  is  extremely  ran :  «,  the 
aiteiy  i  b,  the  vda. 
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vigions  of  the  villi  to  their  blind  extremities,  and  then  turn  round 
and  terminate  in  the  veins.  Occasionally  a  delicate  arterial  twig 
is  seen  proceeding  from  a  larger  stem  (fig,  CXVIII.),  and  termi- 
nating almost  immediately  in  a  vein,  which  in  its  turn  runs  to  join 
a  lai^er  venous  trunk.  Such  simple  terminal  nooses  of  arteries  in 
veins  are  rare ;  the  arterial  trunks  more  commonly  divide  and  sub- 
divide again  and  again,  by  which  dendritic  formations  are  produced 
of  the  same  extent  as  the  villi.  The  different  venous  roots  collect 
like  the  arteries  on  the  embryonic  aspect  of  the  placenta  into  larger 
and  larger  branches,  and  finally  pour  their  tide  in  common  into 
the  umbilical  vein,  which,  after  tracking  the  umbilical  cord,  enters 
the  body  of  the  fmtus,  and  here  terminateB  in  the  hepatic  vein, 
close  to  the  trunk  of  the  vena  cava  inferior.  These  embryonic 
vessels  have  nowhere  any  direct  communication  with  the  vessels  of 
ibe  mother;  besides  their  own  parietea  the  two  sets  of  vessels  have 
always  a  layer  of  the  chorion  interposed  between  them  (fig.  CXIX.). 
The  maternal  vessels  surround  the  villi  of  the  chorion  with  their 
included  cmbryoqic  vessels,  in  a  continuous  but  perfectly  distinct 
rete,  which,  however,  appears  to  be  composed  of  extremely  deli- 
cate canals,  with  a  wide  internal  diameter — at  least  as  regards  the 


"t  Weber  is  the  modem  anatomist  who  has  inTeati  gated  with  the  greatest  care 
the  structure  of  the  placenta,  and  the  mode  of  division  and  distribution  of  its 
blood-vesseli— matters  of  great  interest  as  regards  the  explanation  of  the  way 
in  which  the  ffstiu  ie  nourisbed.  Vide  his  edition  of  Hildebrandt's  Anatomy, 
ir.  p.  495  et  leq.     Here,  aa  well  as  in  every  manual  of  anatomy,  a  particular 


Fig.  CXIX.— Termination  ofa  villusof  the  chorioD, 
from  a  ripe  and  perfectly  recent  placenta,  the  veesels 
still  filled  with  blood,  magnified  two  hundred  and 
ninety  times.  The  vessels,  a,  a,  a,  are  full  of  blood; 
the  one  a '  is  empty.  They  measure  from  the  ^^b  to 
the  ligtb  of  a  hne  in  diameter. — b,  b.  Pellucid  margin 
of  the  villus. 
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Snanmary  mew  of  the  morphological  development  of  the  Human 

Embryo. 

§  82.  The  observations  now  communicated  upon  the  development 
of  the  ovum  and  embryo  of  the  human  subject^  though  they  cannot 

account  of  the  structure  of  the  navel-string  will  he  found,  a  suhject  which 
does  not  properly  pertain  to  an  elementary  work  on  physiology.  Weber's  views 
have  given  occasion  to  a  good  deal  of  controversy,  and  I  here  present  an  extract 
from  the  manuscript  communication  of  that  able  anatomist,  supplied  to  me  for 
the  purpose  of  publication.  He  says :  "  Eschricht  of  Copenhagen,  in  an  interest- 
ing academical  tract  entitled,  De  Orgams  qua  respiratione  fattus  MammaJhim 
iuervnmt,  Probttio  Academical  Hafnise,  1 837, 4to,  shows  that  he  agrees  with  me  in 
many  points  in  regard  to  the  structure  of  the  placenta  of  man  and  animals,  whilst 
on  others  he  proclaims  his  dissent.  The  particulars  in  which  he  agrees  with  me 
are  the  following.  1st.  That  the  arteries  and  veins  of  the  uterus,  the  channels  of 
the  mother's  blood,  penetrate  in  great  numbers  into  the  placenta,  and  are  distri- 
buted throughout  its  substance  in  such  wise,  that  every  one  of  its  minutest  lobules 
has  a  canal  carrying  the  blood  of  the  mother,  and  so  comes  into  contact  with  the 
vessels  in  which  the  blood  of  the  embryo  is  flowing.  Here  we  both  differ  from 
Seiler,  who  believed  himself  authorized  to  conclude  that  no  vessels  from  the  mo- 
ther penetrated  the  placenta,  but  that  the  maternal  vessels  only  came  into  contact 
with  the  surface  of  the  placenta,  where  it  was  bounded  by  the  uterus.  2d.  The 
mnbilical  arteries  of  the  embryo  divide,  in  the  manner  of  a  tree,  into  very  nume- 
rous and  minute  branches,  which  finally  turn  round,  forming  loops  and  anas- 
tomoses, and  again  collect  into  larger  and  fewer  branches,  which  at  length  unite 
into  a  single  trunk,  and  form  the  umbilical  vein.  No  where  do  the  maternal  and 
foetal  vessels  anastomose ;  no  where  is  there  any  transmission  of  blood  from  the 
one  class  of  vessels  to  the  other ;  no  where  do  we  encounter  open-mouthed 
tenninations  of  vessels.  3d.  The  whole  placenta,  and  therefore  every  individual 
lobule  entering  into  its  structure,  consists  of  two  distinct  parts,  the  one  a  continu- 
ation of  the  chorion  and  vessels  of  the  embryo,  the  other  a  continuation  of  the 
membrana  decidua  and  vessels  of  the  uterus.  From  the  chorion,  for  instance, 
dendritic  processes  or  elongations  are  sent  out,  which  in  small  ova  about  a  month 
old  are  so  small  and  simple,  that  they  are  called  villi,  but  which  grow  by  and  by 
into  laige  and  numerously  divided  stems  and  branches.  Into  each  of  these  den- 
dritic processes  of  the  chorion  there  penetrates  a  branch  of  the  umbilical  artery, 
and  a  branch  of  the  umbUical  vein.  Both  vessels  divide  into  branches  in  the 
lame  manner  as  the  process  of  the  chorion  in  which  they  run.  At  the  eztremi- 
te  of  the  branched  processes  of  the  chorion,  the  divisions  of  the  umbilical 
artery  come  together  in  loops  or  coils;  these  coils,  however,  are  for  the  most 
part  not  simple ;  the  same  capillary  winds  several  times  hither  and  thither,  and 
fonns  several  loops ;  loops  are  also  frequently  formed  by  the  anastomosing  of  two 
neighbouring  capillaries.  From  these  convolutions  and  loopings  of  the  capilla- 
ries, little  thickenings  or  enlargements  of  the  extreme  divisions  of  the  processes 
of  the  chorion  are  produced.  Each  particular  trunk,  with  its  divarications  of  the 
shaggy  chorion,  forms  a  lobe  or  lobule  of  the  placenta,  which  is  covered  by  the 
tunica  deddua.  To  this  investment  many  of  the  terminal  branches  of  the  cho- 
rion will  be  found  to  have  grown.    It  is  in  the  sjiaces  between  the  divarications 
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be  viewed  otherwise  than  as  firagmentarj^  still  bear  so  striking  a 
resemblance  to  the  evolution  of  the  mammalia  and  birds,  that  Uie 


of  the  chorion,  that  those  veseele  nin  which  tranamit  the  blood  of  the  mother, 
and  which  are  prolongations  of  the  uterine  arteries  and  veins ;  they  penetrate  in 
this  way  to  every  the  most  minute  lobule  of  the  chorion.  4th.  The  object  of  this 
structure  seems  to  be  that  the  minute,  convoluted,  greatly  elongated,  and  ex- 
tremely thin-walled  capillaries,  in  which  the  blood  of  the  foetus  is  drcolaiing, 
may  be  brought  into  the  most  intimate  contact  possible,  ^th  the  larger  bat 
everywhere  excessively  thin-walled  canals,  in  which  the  blood  of  the  mother  is 
flo.ving,  that  the  two  currents,  without  interfering  ^th  each  other's  motion,  may 
pass  each  other  to  as  great  an  extent  as  may  be,  with  nothing  interposed  but 
the  delicate  parietes  of  each  set  of  vessels ;  that  they  may  exert  an  influence  one 
upon  another,  the  blood  of  the  mother  abstracting  matter  from  that  of  the  foetus, 
and  the  blood  of  the  foetus  taking,  in  its  turn,  matter  from  that  of  the  mother. 
Eschricht  differs  from  me  in  this,  that  he  believes  the  uterine  arteries  and  veins 
distributed  to  the  placenta  are  connected  together  by  as  dehcate,  or  even  a  more 
delicate  system  of  capillaries,  as  that  of  the  umbitical  arteries ;  and  in  such  a  way 
that  two  systems  of  capillaries,  that  belonging  to  the  child  to  wit,  and  another 
to  the  mother,  are  brought  into  intimate  contact.  I,  on  the  other  hand,  be- 
heve  T  have  demonstrated  that  the  uterine  arteries  and  veins,  once  they  have 
entered  the  spongy  substance  of  the  placenta,  do  not  farther  divide  into  branches 
and  twigs,  but  immediately  termiiute  in  a  network  of  vessels,  the  canals  of  which 
are  of  far  too  large  diameter  to  permit  them  to  be  spoken  of  as  capillaries,  and  of 
which  the  parietes  are  so  thin,  that  they  cannot  be  shown  apart  by  the  most 
careful  dissection.  This  vascular  rete,  which  connects  the  uterine  arteries  and 
veins  with  each  other,  completely  fills  the  spaces  between  the  branched  divisions 
of  the  chorion,  and  the  extremely  thin  parietes  of  the  canals  of  which  it  is  com- 
posed, insinuate  themselves  at  all  points  into  the  most  intimate  contact  with  the 
branches  and  convoluted  masses  of  the  capillaries  of  the  umbilical  system  of 
vessels.  This  network  of  vessels,  however,  with  reference  to  the  passage  of  the 
uterine  arteries  into  the  uterine  veins,  performs  the  same  office  as  a  rete 
of  true  capillaries,  so  that  it  may  be  regarded  as  a  rete  of  colossal  capillaries. 
Eschricht  maintains  that  phcated  processes  of  the  decidna  penetrate  the  placenta, 
and  may  be  traced  between  the  branched  divisions  of  the  chorion,  furnishing  the 
several  twigs  with  a  delicate  investment,  and  that  these  plic»  are  the  supporteis 
of  a  capillary  rete,  by  which  the  uterine  arteries  and  veins  are  connected  in  the 
placenta.  I,  on  the  other  hand,  maintain  that  the  walls  of  the  uterine  arteries 
and  veins,  where  they  penetrate  the  placenta,  consist  of  a  very  delicate  tunic,  a 
prolongation,  as  it  seems,  of  the  inner  tunic  of  the  vessels  of  the  uterus,  covered 
with  a  layer  derived  from  the  substance  of  the  deddua ;  that  the  inner  tonic  of 
the  blood-vessels  lines  the  interspaces  between  the  divisions  of  the  shaggy  cho- 
rion, and  that  the  little  masses  of  convoluted  vessels  or  yilli,  which  terminate  the 
branches  of  the  chorion,  penetrate  the  canals  which  tranamit  the  blood  of  the 
mother,  and  are  bathed  by  it  in  their  interior.  In  my  mode  of  stating  my  views, 
I  must,  I  fear,  have  left  room  for  misapprehension,  as  I  could  perceive  in  the 
course  of  my  conversation  with  Eschricht,  that  I  had  not  been  understood  in  the 
way  I  intended.  I  have  not,  I  imagine,  expfadlied  with  sufficient  cleamiMW  what  I 
mean  by  vilU  that  pmdratt  the  vascukar  cmutJs  qf  the  moiher.    This  deficiency  I 
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account  of  the  developmeiit  in  these  cksses  of  animals  may  be  as* 
sumed  as  affording  unobjectionable  data  in  regard  to  that  of  man ; 

take  occasion  to  supply  here.  I  do  not  then  understand  by  villi  entire  stems  of 
the  chorion  with  all  their  subdivisionsj  as  they  appear  when  they  are  torn  forci- 
bly out  of  the  placenta,  but  small  projections  or  devations  that  occupy  these  in 
points,  or  occur  over  every  part  of  the  stems  and  branches,  and  are  formed  by 
the  terminal  loopings  and  communications  of  the  embryonic  placental  capillaries. 
Magnifying  glasses  are  required  to  perceive  these  proper  villi  distinctly.  In  the 
second  place  I  ha?e  said  :  '  the  vessels  of  the  uterus  that  penetrate  the  placenta 
become  wider  when  they  have  entered  it.'  This  expression  is  objectionable,  at 
least  in  reference  to  the  veins  of  the  fully  developed  placenta,  and  I  would  there- 
fore recall  it."  Weber  then  goes  on  to  describe  the  structure  of  the  placenta 
particularly,  comparing  it  with  the  corpus  cavemosum  penis  s.  urethra,  or  with  an 
ordinary  sponge.  "  The  fibrous  tissue  of  the  sponge,"  he  continues,  "  cor- 
responds with  or  represents  the  branching  subdivisions  of  the  chorion  and  their 
uniting  medium  derived  from  the  decidua ;  the  cavities  and  interspaces  of  the 
sponge,  however,  represent  the  passages  in  which  the  blood  of  the  mother  flows. 
None  of  the  many  tortuous  arteries  which  penetrate  the  decidua,  still  dividing 
into  branches,  from  the  uterus,  when  they  reach  the  placenta  undergo  any  far- 
ther subdivision;  they  open  at  once  into  the  spongy  texture,  and  are  lost 
aa  ordinary  vessels.  Neither  do  the  veins  show  any  thing  like  division  into 
branches ;  they  all  open  like  the  arteries  into  the  spongy  substance  of  the  pla- 
centa, by  orifices  larger  or  smaller.  It  is  only  as  they  are  running  in  the  invest- 
ing decidua  that  they  divide  into  a  few  branches.  The  spaces  between  the 
branched  subdivisions  of  the  chorion  are  thus  kept  filled  wUtt  blood  constantly 
poured  in  by  numerous  and  large  arteries,  and  regularly  carried  off  again  by 
numerous  and  capacious  veins,  so  that  it  is  perpetually  renewed."  Weber  now 
details  the  grounds  of  his  conclusions,  which  rest  on  injections  of  the  uterus  and 
other  parts  of  women  who  have  died  in  their  pregnancy,  on  researches  made  on 
the  recent  after-birth,  and  on  the  study  of  smaller  and  fresh  human  ova.  He 
remarks,  among  other  things,  that  "  if  the  uterine  surface  of  a  very  fresh  pla- 
centa, that  haa  not  been  put  into  water,  be  moistened  with  a  strong  solution  of 
corrosive  sublimate  in  alcohol,  in  order  to  coagulate  and  prevent  the  escape  of 
the  blood  still  contained  in  it,  and  the  whole  placenta  be  then  soaked  in  a  weaker 
solution  of  the  same  kind,  the  whole  of  the  maternal  blood  that  remained  in  the 
spaces  between  the  divisions  of  the  chorion  will  be  found  coagulated ;  even  in 
the  larger  lacerated  veins  that  have  just  passed  from  the  uterus  into  the  placenta, 
coagulated  blood  will  be  found ;  and  the  manner  in  which  these  veins  open  into 
the  interspaces  mentioned,  will  be  seen,  and  the  course  of  the  maternal  blood 
during  life  be  found  indicated."  Weber's  observations  on  the  structure  of  the 
placenta  in  the  Mammalia  are  also  extremely  interesting ;  but  as  they  extend  to  a 
considerable  length,  and  a  notice  of  them  has  already  appeared  (in  Froriep's  Notu 
zen,  Oct.  1 835 ),  I  shall  not  enter  upon  them  here.  The  placentas  of  all  animals  seem 
referable  to  two  grand  classes :  '*  But  the  nourishment  of  the  embryo  appears  in 
every  case  to  depend  on  the  subdivision  of  the  foetal  and  maternal  blood  into  innu- 
merable currents,  the  foetal  blood  being  however  subdivided  much  more  minutely 
than  that  of  the  mother,  which  pass  each  other  through  a  great  extent  of  tube, 
and  are  in  contact  through  a  like  or  still  greater  extent  of  surface,  but  always 
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with  the  materials  drawo  from  thence,  we  may,  without  any  risk 
of  real  error,  attempt  a  connected  sketch  of  the  entire  subject. 

without  the  streani  of  the  one  interfering  with  that  of  the  other,  and  without  aoj 
admixture  of  the  blood  of  the  mother  with  that  of  the  ftEtua.   These  currentg  are 
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The  structure  of  ovarian  ovum,  and  of  the  Graafian  vesicle,  the* 
formation  of  the  corpora  lutea,  are  in  man  precisely  as  they  are  in 
animals ;  so  that  there  can  be  no  doubt  of  the  ova  quitting  the 

in  fact  separated  from  each  other  at  every  point,  hy  parietes  of  extreme  thinness, 
which,  howeyer,  do  not  oppose  all  interchan((e  of  matters,  these  transuding  or 
making  their  way  through  the  delicate  hounding  membranes."  Baer  {Entw.  S. 
279)  says  :  "  By  the  growth  of  the  vessels  of  the  uterus  into  the  decidua  sero- 
tina,  this  is  transformed  into  the  placenta.  That  vessels  pass  from  the  walls  of  the 
uterus  into  the  placenta  is  a  fact  long  known  and  admitted ;  but  in  regard  to  the 
form  and  mode  of  this  passage  or  transference,  opinions  still  vary.  It  was  long 
believed,  with  Hunter,  that  they  passed  into  cavities.  In  more  recent  times  there 
appeared  a  growing  disposition  to  regard  these  spaces  as  enlarged  veins  with 
extremely  thin  walls,  a  structure  which  is  assigned  to  them  among  others  and 
particularly  by  E.  Weber.  Very  lately,  however.  Dr.  R.  Lee  has  very  emphati- 
cally insisted,  that  the  great  veins  of  the  uterus  ended  open-mouthed  on  the  inner 
surfiice  of  that  organ,  but  that  these  openings  were  closed  by  the  substance  of  the 
tunica  decidua,  and  that  generally  no  other  than  vessels  of  very  small  cahbre 
penetrated  the  decidua  from  the  uterus.  I  myself  used  to  view  the  matter  as 
Weber  has  represented  it;  and  since  the  statements  of  Lee,  I  have  had  no 
opportunity  of  appealing  to  nature  for  a  solution  of  the  question."  I  have  my- 
self discovered  a  very  easy  and  simple  method  of  procuring  satisfaction,  in  regard 
to  the  structure  and  course  of  the  embryonic  vessels,  without  the  assistance  of 
any  sort  of  injection.  Let  the  smallest  possible  piece  or  lobule  be  removed  by 
means  of  scissors,  or  forceps,  from  the  uterine  surface  of  a  fresh  placenta  (which 
must  by  no  means  have  been  macerated  in  water),  immediately  under  the  deUcate 
covering  of  the  decidua,  and  this,  covered  with  a  delicate  plate  of  glass,  be  brought 
under  the  microecope.  The  villi  of  the  chorion  will  be  seen  full  of  the  vascular 
coils  of  the  embryonic  vessels  injected  with  blood  (figs.  CXIX.  and  CXXI.). 
These  vessels  are  all  of  considerable  size ;  I  found  them  from  the  •npjth  to  the 
n^th  of  a  hne  in  diameter,  often  nodulated  as  in  the  Malpighian  bodies  of  the 
kidney ;  the  flocculi  of  the  chorion  surrounded  them  more  or  less  closely,  but 
sometimes  so  loosely  (fig.  CXIX.),  that  a  clear  crystalline  space  remained  between 
the  walls  of  the  vessels  and  the  bounding  membrane  of  the  villi,  which  were 
about  the  j^th  of  a  line  in  diameter,  and  showed  on  their  edges  a  granular  or 
cellular  structure.  Some  vessels  I  observed  much  finer  than  the  generality,  not 
more  than  from  the  ^th  and  ^o^h  of  a  line  in  diameter  (fig.  CXXI.) ;  and  in 
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Fig.  CXXI. — Vessels  of  the  same  part  of  smaller 
diameter,  examined  in  tbe  same  manner.  The  vessels, 
a,  a,  the  parietes  of  which  are  especially  distinct  at  a ',  are 
seen  thickly  filled  with  blood  globules,  which  lying  face 
to  face  form  columns ;  b,  b,  edge  of  the  villus,  here  lying 
close  to  the  vessels  in  their  course ;  the  vessels  measure 
the  siloth  of  a  line  in  diameter. 
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*  ovaries,  descending  along  the  Fallopian  tubes,  and  reaching  the 
uterus  precisely  as  in  the  mammalia  (§  69).  With  simple  analogy 
for  our  guide,  we  may  conclude  that  the  ovum  reaches  the  ex- 
tremity of  the  tube  between  the  eighth  and  fourteenth  day.  The 
uterus  at  this  time  is  already  lined  with  the  tunica  decidua  (fig. 
ex.  c).  If  the  ovum  (fig.  CXI.  g)  now  passes  from  the  orifice  of 
the  tube  (fig.  CXI.  b)  into  the  uterus,  it  will,  as  a  general  rule, 
glide  between  the  wall  of  the  uterus  and  the  tunica  decidua,  push 
this  away  from  its  connexions  with  the  uterus,  and  cairy  it  for- 
wards or  inwards  {e,  e)y  by  which  the  decidua  reflexa  is  formed. 
The  ovum  now  hangs  within  a  sort  of  pouch  into  the  (fig.  CXI.  dj 
enlarged)  internal  cavity  of  the  uterus,  which  diminishes  in  extent 
with  the  growth.  The  cavity  of  the  uterus  is  usually  open  at  this 
period,  the  cervix  uteri  (fig.  CX.  and  CXI.  a)  not  being  as  yet 
closed  up  by  its  plug  of  gelatinous  matter  (§  77)*  As  soon  as  the 
ovum  has  reached  the  cavity  of  the  uterus,  it  must  grow  rapidly 
by  attracting  matter  from  the  fluids  around  it,  and  soon  become 
readily  visible  to  the  naked  eye;  the  granular  disc  about  the 
chorion  is  resolved;  the  chorion  itself  has  expanded  and  become 
thinner  (CXXII.  a).   The  vitellary  ball  {b)  appears  to  be  completely 

these  the  glohules  of  the  hlood  presented  a  very  heautiful  appearance,  the  vessels 
being  hut  of  a  diameter  to  a  single  row,  so  that  they  were  arranged  in  parallel 
columns.  The  hem  or  margin  is  seen  running  close  to  the  vessels  (fig.  CXXI.  h). 
With  regard  to  the  maternal  vessels,  I  could  not  make  out  anything  clear  or 
satisfactory.  Von  Baer's  congratulatory  address  to  Soemmerring,  which  treats 
"  Of  the  vascular  connection  between  the  Parent  and  Emhryo"  (JJ^terdie  Gefm- 
wrbmdimff  zwUchen  Mutter  vnd  Fhicht)  Lips.  1829,  fol.  may  be  referred  to  for 
farther  information  on  this  subject.  [Dr.  Lee's  paper,  "  On  the  Structure  of  the 
Human  Placenta  and  its  counexion  with  the  Uterus,*'  will  he  found  in  the  Pkil' 
lYans.  for  1832.  This  zealous  inquirer  has  seen  reason  to  alter  his  opinions 
there  stated.  He  now  admits  that  the  maternal  hlood  enters  the  cells  of  the 
placenta  hy  the  tortuous  arteries  in  the  decidua,  and  is  returned  into  the  uterine 
veins  by  ohlique  openings  in  this  memhrane.  R.  W.]  Ritgen*s  work,  "  ContrUm- 
turns  to  illustrate  the  mode  of  connexion  between  the  human  Embryo  and  the  Uterus^' 
{Beitrdge  tw  AnfheUung  der  Verbindnng  der  menschiichen  Fhtcht  mii  dem  Fhich' 
thdlter,  &c.)  Lips,  and  Stuttg.  1835,  fol.  does  not  advance  the  subject  beyond 
the  degree  in  which  it  was  already  known. 


Fio.  CXXIL 


Fig.  CXXIL — Human  ovum,  which  had  reached  the 
uterus,  greatly  magnified.  The  external  tunic  a,  surrounds 
the  internal  vesicles,  the  vitelline,  to  wit,  and  the  germinal* 
b,  upon  which  an  aggregate  of  granules,  c,  the  embryonic 
spot,  indicates  the  point  of  formation  of  the  future  em- 
bryo.   Vide  fig.  LXV.  in  the  dog. 
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grown  round  by  the  blastodeima  or  germinal  membrane^  betwixt 
which  and  the  chorion  a  thin  layer  of  albumen  appears  now  to  have 
been  deposited  (§  70) ;  the  vitdlus  has  become  more  diffluent,  and 
a  roimd  pretty  thick  granular  cumulus^  which  is  to  be  regarded  as 
the  central  part  of  the  blastoderms,  has  been  formed.  Of  these 
particulars,  we  derive  our  information  from  the  dog  and  the  rabbit 
(§  70,  and  figs.  LXV — ^LXX) ;  and  there  can  be  no  doubt  but  that 
matters  go  on  precisely  in  the-  same  manner  in  the  human  subject. 
In  the  perpendicular  section  (fig.  CXXIII.)  of  the  ovum  at  this 
period,  c  would  be  the  thickened  granular  cumulus,  firom  which  the 
development  of  the  embryo  commences.  This  granular  mass  will 
become  clearer  in  the  middle  with  the  progress  of  the  development ; 
and,  as  in  the  bird  (§  50,  and  tab.  CXI.  figs.  XXV— XXVIIL), 


Fio.  CXXIII. 


Fig.  CXXIII. — Perpendicular  section  of  an  ovum 
similar  to  that  of  last  figure  but  somewhat  longer :  a, 
chorion;  b,  vitelline  vesicle  (vitellus);  c,  the  serous 
lamina  of  the  germ. 


Fig.  CXXIV. 


Fig.  CXXIV. — An  ovum  still  farther  advanced. 
The  embryonic  spot  is  thinner  and  more  transpa- 
rent. Within  the  oval  area  vasculosa  is  situated 
the  pyriform  area  pellucida  with  the  nota  primitiva 
in  its  middle ;  a,  chorion ;  b,  vitellus.  Contrast  the 
appearances  presented  by  the  embryo  of  ihe  fowl,  fig. 
XXV.  and  XXVII.  and  in  the  dog,  fig.  LXXII. 


Fio.  CXXV. 


Fig.  CXXV. — Perpendicular  section  of  the  ovum 
of  last  figure :  c,  lamina  serosa. 


208 


DEVELOPMENT. 


and  in  the  dog  (§  71^  and  figs.  LXXI.  and  LXXII.)^  an  oval  foim 
of  blastoderma  ensues,  in  the  middle  of  which  lies  the  transparent 
pyriform  area  proligera  with  the  primitive  streak  (fig.  CXXIV.). 
In  the  circumference  of  this  the  area  vasculosa  is  developed,  and 
the  vitellary  globe  or  mass  {b)  now  completely  enclosed  by  the 
blastoderma,  has  detached  itself  to  a  greater  extent  from  the  smooth 
chorion  (a).  The  rudiments  of  the  embryo  (fig.  CXXV.)  are  seen 
as  a  thickening  of  the  serous  layer  (c),  which  is  now  parting  from 
the  underlying  mucous  layer.  Analogy  with  the  embryo  of  the 
bird  and  quadruped  leads  us  to  infer  that  the  formation  of  the 
serous  envelope  and  of  the  amnion  (fig.  CXXVI.)  in  the  human 
subject  proceeds  exactly  in  the  way  we  have  found  it  to  do  in  these 
lower  animals  (§  56),  and  that  the  embryo  (fig.  CXXVI.  c)  is  sur- 
rounded by  a  cranial  {d)  and  a  caudal  involucrum  (e),  precisely  in 
the  same  way ;  by  this  development  of  the  peripheral  portions  of  the 
serous  layer,  the  embryo,  which  is  becoming  more  and  more  strongly 
curved,  is  pinched  off  in  a  greater  degree  from  the  vitellicle  or  umbili- 
cal vesicle  (i);  the  vascular  and  mucous  layers  (fig.  CXXVI.)  are  to 
be  distinguished  as  superimposed  laminae  in  the  abdominal  cavity, 


Fio.  CXXVI. 


Fig.  CXXVI.— Human  ovum  still  farther 
advanced.  Perpendicular  section.  The  em- 
bryo c  is  curved  in  a  greater  degree,  and  \» 
formed  of  the  three  laminae  of  the  germioal 
membrane ;  the  vitellicle,  the  future  umbili- 
cal vesicle,  b,  begins  already  to  be  pinched 
off,  as  it  were,  by  the  convergence  of  the 
opposite  ends  of  the  embryo;  the  amnion 
and  serous  lamina  form  the  involucrum  ca- 
pitis d,  and  the  involucrum  caudae  e. 


Fig.  CXXVI  I. 


Fig.  CXXVII.-Human  ovum  still 
farther  advanced.  The  chorion,  a,  a, 
has  now  produced  villi  in  abundance; 
the  umbilical  vesicle,  6,  is  grown  over  by 
the  lamina  vasculosa/;  from  the  em- 
bryo c,  the  amnion  /,  /,  and  the  lamina 
serosa  d,  e,  are  detached,  and  meeting 
over  the  back  of  the  embryo  they  will 
soon  coalesce.  The  allantois,  g,  has  been 
produced,  and  is  covered  with  vessels. 
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the  latter  haying  at  an  earlier  period  completely  overgrown  the  vitel- 
licle.  At  a  later  stage  in  the  development  (CXXVII.)  the  villi  be- 
come more  conspicuous  as  formations  sprouting  from  the  outer  wall 
of  the  chorion  (fig.  CXXVII.  a) ;  the  serous  envelope  {d,e)  rises 
fivm  the  amnion  {f^f)  whilst  the  two  folds  composing  the  invo^ 
lucrum  of  the  head  {(i)  and  the  involucrum  of  the  tail  (e)  meet  and 
grow  together;  the  vitellicle  or  umbilical  vesicle  {b)  is  surrounded 
by  the  vascular  (/)  as  well  as  the  mucous  layer.  In  the  cavity  of 
the  abdomen,  the  rudiments  of  the  principal  viscera  have  now  been 
formed  by  the  extension  and  folding  in  of  the  two  layers ;  the 
allantois  {g)  has  pushed  forwards  betwixt  the  amnion  and  serous 
layer;  the  embryo  is  still  more  strongly  bent^  and  still  farther 
separated  from  the  vitellus.  The  albuminous  space  within  the 
chorion  has  enlarged  greatly.  As  soon  as  the  serous  layer  (fig. 
CXXVIII.  A)  is  completely  detached^  it  is  pushed  in  the  albu- 
minous space  against  the  inner  wall  of  the  chorion  by  the  increasing 
amnion  {/),  and  there  apparently  forms^  in  part  at  least,  the 
tmiica  media,  as  it  is  entitled ;  the  arachnoidal  tissue  of  the  albu- 
minous space  is  also  to  be  regarded  as  partially  composed  of  coagu- 
lated albumen  (§  78.  Annot.  156).  The  amnion  is  developed  at  an 
early  period  in  the  human  subject,  and  soon  surrounds  the  embryo 
in  the  guise  of  a  capacious  bag.  On  the  chorion  the  villi  become 
concentrated,  as  it  were,  towards  a  particular  spot  (A:,  A),  and  here 
the  placenta  is  by  and  by  formed ;  other  places,  on  the  contrary, 
become  smooth  (a*),  or  are  covered  with  shorter  villi  (a*).  The 
allantois  (ff)  has  now  acquired  the  form  of  an  elongated  vascular 
sac,  and  is  applied  to  the  chorion — ^it  has  indeed  at  this  period 
completely  grown  to  the  chorion ;  it  is  only  represented  as  it  ap- 


Fio.  CXXVIII. 


Fig.  CXXVIII. —The  human 
ovum  in  a  state  of  8till  greater  ad- 
vancement. The  chorion  is  now 
smooth  at  one  part  a^;  elsewhere  it 
is  villous,  especiaUy  about  k,  k,  where 
the  placenta  will  be  formed;  the 
amnion,  /,  already  surrounds  the 
embryo,  c,  in  the  guise  of  a  spacious 
bladder;  and  the  serous  envelope, 
h,  h,  has  become  applied  to  the  inner 
aspect  of  the  chorion ;  the  allantois, 
g,  is  at  the  same  time  applied  to  the 
chorion,  and  the  umbilical  vesicle,  b, 
is  now  smaller,  and  its  neck  becomes 
narrower  and  longer. 
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pears  in  fig.  CXXVIII.  g,  for  the  sake  of  making  the  structure 
plain.  The  vitellus  {b)  has  at  this  epoch  become  a  pediculated 
pyriform  vesicle — ^the  umbilical  vesicle,  upon  which  the  vessels 
have  shrunk ;  the  head  of  the  embryo  (c)  is  now  found  to  have 
sunk  greatly  downwards  in  almost  all  ova.  At  the  beginning  of 
the  third  month  (fig.  CXII.)  the  os  uteri  is  seen  filled  with  a  con- 
sistent gelatinous  plug  (fig.  CXII.  a) :  over  the  os  uteri  the  decidua 
vera  is  generally  wanting ;  it  Ues  close  to  the  walls  of  the  uterus 
(Cy  c),  sends  out  on  that  side  where  the  ovum  has  not  entered, 
shorter  or  longer  processes  (c')  into  the  orifice  of  the  Fallopian 
tube  [b) ;  but  here  too  it  is  frequently  perforated  or  absent  (§  77) ; 
the  decidua  is  deeply  inverted  or  involuted  by  the  ovum  (fig.  CXI.), 
so  that  it  is  only  inferiorly  {d)  that  there  still  remains  any  space  be* 
tween  the  decidua  vera  and  decidua  reflexa;  the  edges  of  the  invo- 
lution (e,  e),  the  circle  where  the  true  and  the  reflected  dedduae 
pass  the  one  into  the  other,  can  be  followed;  the  interval  that  was 
produced  by  the  separation  of  the  decidua  becomes  filled  with  a 
new  exudation  (/),  and  in  this  way  is  the  decidua  serotina  formed ; 
at  this  part  also  the  villi  of  the  chorion  are  additionally  evolved  by 
the  pressure  of  the  allantois  {g)  upon  them.  The  allantois  termi- 
nates in  the  urachus  and  bladder ;  near  the  urachus  lies  the  pedicle 
of  the  umbiUcal  vesicle  (A*)  in  the  umbilical  cord;  the  umbiUcal 
vesicle  itself  (A)  is  included  in  the  space  betwixt  the  amnion  and 
chorion ;  through  the  compression  of  the  albumen,  the  membra- 
nous stratum  (i.  e.  the  tunica  media  united  to  the  serous  covering) 
is  readily  demonstrable  as  a  distinct  coat. 


CHAPTER  HI. 


OF    THE    DEVELOPMENT   OF   THE   TISSUES  (hISTOGENY). 

Materials. 
§  83.  In  our  exposition  of  the  development  of  the  chick,  and  ac- 
count of  the  human  embryo,  a  merely  general  and  relative  view 
of  the  morphological  changes  undergone  has  been  taken ;  not  to 
interrupt  the  narrative,  the  mode  in  which  the  tissues  originate 
(histogenia),  and  the  doctrine  of  the  intimate  structure  of  these 
and  of  the  organic  parts  at  lai^  (histologia),  have  been  only 
touched  upon  by  the  way,  and  incidentally.  In  the  present 
chapter,  it  will  be  our  business  to  make  good  these  deficiencies. 
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The  knowledge  we  possess  in  regard  to  the  earliest  formations  of 
the  tissues  has  been  especially  derived  from  the  study  of  embryos 
of  the  mammalia  and  man^  recourse  beings  at  the  same  time^  had 
to  the  inpubated  egg^  more  particularly  during  the  earlier  periods 
of  its  transformations  *"• 

Structure  of  the  germinal  Membrane  {Blastoderma). 

§  84  So  soon  as  the  germinal  membrane  is  formed  in  the  hen's 
egg,  a  change  or  metamorphosis  is  seen  to  have  occurred  in  its  con- 
stituent globules  or  cells,  which,  even  in  the  sixteenth  hour  of  in- 
cabation,  show  a  difference  of  form  in  the  serous  and  mucous 
lamina.  In  the  serous  stratum,  the  cells  tend  to  protrude  out- 
wardly, in  the  form  of  hemispheres,  and  by  pressing  closely  one 
upon  another,  they  acquire  the  appearance  of  six-sided  figures 
(fig.  CXXIX.) ;  each  cell  contains  a  distinct  nucleus,  in  contact 
with  the  inner  aspect  of  its  walls,  of  a  round  shape,  and  itself 
showing  one  or  two  nucleolar  molecules ;  the  cells  are,  moreover, 
distended  with  a  transparent  fluid,  in  which,  however,  small 
granules  appear,  which,  still  included  in  the  cells,  exhibit  molecular 
movements.  In  the  mucous  stratum,  the  cells  are  particulsyrly 
large,  and,  under  the  microscope,  resemble  little  yolks,  including 
granules  and  globules  of  very  various  dimensions  (fig.  CXXX.) 
One  or  more  of  these  globules  are  larger  than  the  rest,  and  show  a 
darker  contour ;  the  other  globules  exhibit  a  finely  granular  mass 
having  molecular  movements,  suspended  in  a  transparent  fluid. 
These  cells  or  globules  lie  rather  loosely  together  in  a  thick  inter- 
ceQular  substance,  but  without  visible  structure^  as  their  cytoblas- 
tema"*. 

^^  Much  information  on  the  subject  of  histogeny  will  be  found  in  Valentin's 
Aceomi  qf  the  EvoUUion  (EfUwickebmgsgesckichte),  and  in  the  work  of  Schwann, 
already  so  frequently  quoted.  Microscopical  Inoestigaiion  of  the  Accordance  in 
Stnutwret  ^.  Berl.  1838.  In  the  paragraphs  that  immediately  follow,  I  have 
preferred  laying  the  observations  of  Valentin  and  Schwann  before  my  reader,  to 
using  any  of  my  own,  my  researches  in  histogeny  being  of  too  fragmentary 
a  character,  and  not  agreeing  in  every  particular  so  entirely  as  I  could  have 
wished  with  those  of  the  excellent  observers  mentioned,  who  have  made  this  sub- 
ject thdr  particular  study. 

^^  The  account  just  given  is  especially  after  Schwann  Qoc,  cit.  p.  65). 
Valentin,  however,  was  perfectly  well  aware  of  the  histological  differences  in  the- 
two  laminae  of  the  bkuBtoderma,  and  gives  the  dimensions  of  the  globules,  or  cells 
as  they  are  now  regarded ;  those  of  the  lamina  serosa,  which,  by  mutual  com- 
presmon  assume  the  form  of  six-sided  bodies,  he  compared  to  the  cellular  tissue 
of  vegetables.  In  the  spring  of  the  year  1838,  I  observed  the  differences 
specified  with  great  distinctness  in  the  several  laminae  of  the  germinal  membrane, 

p  2 


212 


DEVELOPMENT. 


Formation  of  the  Blood  and  Blood-vessels. 

§  85.  The  earliest  stages  in  the  formation  of  the  bloody  and  of  the 
blood-globules  and  vessels,  are  extremely  difficult  of  observation ; 
and  no  one  of  the  many  who  have  given  their  especial  attention 
to  the  earliest  stadia  of  evolution  generally,  has  succeeded  in  com- 
pletely following  the  process  of  their  evolution  through  all  its  stages. 
As  we  have  seen,  the  formation  of  the  blood  in  the  embryo  of  the 
mammal^  bird,  and  frog,  occurs  at  a  very  early  period.  The  cells 
which  lie  between  the  serous  and  mucous  lamina  of  the  blastoderma 
comport  themselves  in   a  peculiar   manner   in  the  chick,  even 

represented  in  fig.  XXVIII.,  and  made  drawings  of  the  appearances  in  the  three 
strata  b^c,  d.  The  globules  or  cells  of  the  mucous  lamina  appeared  to  me  pre- 
cisely as  Schwann  has 'figured  them ;  in  the  serous  lamina,  however,  I  was  only 
aware  of  the  existence  of  small  granules,  probably  the  nuclei  of  the  cells,  over- 
looking their  envelopes.  At  this  time,  Schwann's  researches  were  still  unknown 
tome;  at  the  present  moment  (Nov.  1838,)  I  have  no  opportunity  to  examine 
the  subject  anew. 


FiQ.  CXXIX. 


FiQ.  CXXXI. 


Fig.  CXXX. 


Fig.  CXXXII. 


\ 


i.' 


«b 


Fig.  CXXIX. — Cells  of  the  lamina  serosa  of  the  blastoderma,  with  their 
nuclei.  Fig.  CXXX.  cells  and  globules  of  the  lamina  mucosa.  Fig.  CXXXI. 
globules  of  the  vitellus.  Fig.  CXXXII.  gbbules  of  the  thinnest  part  of  the  vitel- 
lus  from  the  central  cavity  of  the  part.  These  figures  illustrate  the  cellular 
structure  of  the  blastoderma  and  vitellus,  according  to  Schwann,  (see  his  micro- 
scopical investigations  of  the  accordance  in  structure,  and  mode  of  growth 
among  vegetables  and  animals,  tab.  ii.) 
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80  early  as  the  20th  hour  from  the  commencement  of  incuba- 
tion; they  appear  to  be  very  loosely  connected^  and  form  a  spongy 
lamina,  which  seems  to  imbibe  a  great  deal  of  moisture^  derived 
principally^  as  it  would  seem,  from  the  central  cavity  of  the  vitel- 
lus,  and  the  canal  that  ascends  from  it  to  the  germinal  membrane 
(§  47,  fig.  XVI.  f,  ky  p.  47).    A  certain  proportion  uf-tjie  globules 
or  ceUs  appear  to  be  transformed  into  blood-globules;  perhaps 
the  nucleus  of  the  cell  afibrds  the  rudiment  of  the  nucleus  of 
the  blood-globule,  for  this  is  extremely  distinct  at  the  very  earliest 
periods;  the  blood-globules  too  of  the  embryos  of  both  animals 
and  man  are,  for  some  considerable  time,  notably  larger  than  those 
of  the  adults  of  the  several  kinds.     Another  portion  of  the  cells 
or  globules  of  the  vascular  lamina,  by  becoming  applied  to  one 
another  form  the  parietes  of  the  blood-vessels.    The  walls  of  the 
heart  in  the  chick,  towards  the  end  of  the  second  or  beginning  of 
the  third  day,  can  be  seen  to  be  constituted  by  a  union  of  many 
polyhedral  cells,  each  of  which  presents  a  darker  spot  in  its  middle, 
undoubtedly  the  nucleus  of  the  pre-existing  and  unconnected  cell 
(fig.  CXXXIII.).   In  a  precisely  similar  way  are  blood  and  blood- 
vessels formed  in  the  periphery,  as  in  the  centre.     The  blood,  at 
first,  is  colourless,  but  it  begins  to  acquire  colour  so  early  as  the 
end  of  the  first,  or  beginning  of  the  second  day,  at  which  period  it 
may  be  seen  moving  in  circumscribed  vascular  channels,  under 
the  influence  of  the  undulatory  action  of  the  heart  ^^^. 

*^  The  formation  of  the  blood  will  be  treated  at  greater  length  by  and  by ; 
bere  I  have  only  given  the  most  general  and  essential  points^  after  my  own  ob- 
servations ;  the  results  of  the  researches  of  Pauder,  Baer,  Valentin,  Baumgart- 
ner,  Reichert,  and  others,  will  be  stated  in  the  Second  Book  of  this  work,  which 
treats  of  Nutrition.  On  the  singular  difference  in  the  size  of  the  blood-globules 
in  young  embryos  and  adult  individuals  of  the  same  kind,  first  observed  by  Dr. 
£.  H.  Weber  and  myself,  see  my  ContributwM  (Beitr'dge,  Sfc.  2te8.  Heft^  S.  35). 
This  difference  deserves  mention  in  this  place,  as  it  affords  a  new  assurance 
against  the  existence  of  any  direct  communication  between  the  vessels  of  the 
mother  and  those  of  the  embryo. 


Fig.  CXXXIII. 


Fig.  CXXXIII.— The  heart  of  the  embryo  of  the  fowl,  end  of 
the  second  day,  greatly  magnified.  The  cellular  structure  of  the 
parietes  of  the  organ  is  apparent ;  each  tessellated  cell  has  its  nu- 
cleus. The  several  divisions  of  the  heart  are  also  already  indi- 
cated ;  a,  the  atrium ;  b,  the  ventricle ;  c,  the  bulb  of  the  aorta. 
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Origin  and  EvohUian  qf  the  Tissues. 

§  86.  The  present  state  of  our  knowledge  of  the  histogeneus^  or 
doctrine  of  the  formation  of  the  tissues^  renders  it  probable^  that 
all  the  tissues  result  from  metamorphoses  of  the  primordial  cells  of 
the  germinal  membrane  and  vitellus.  The  first  indications  of 
histological  difference  appear  in  the  three  laminae  of  the  germinal 
membrane^  which  then  immediately  afford  the  elements  of  all  the 
succeeding  tissues.  The  structure  of  these  tissues  will  fall  under 
consideration  by  and  by,  in  the  particular  appropriate  sections  of 
the  different  books  of  this  work ;  in  the  following  annotations,  the 
history  of  the  development  of  the  several  tissues  will  h^,  found 
sketched  in  general  and  broad  outlines. 

Professor  Valentin  at  my  request  has  furnished  me  with  a  gene- 
ral survey  of  the  subject  of  histogeny,  which  I  communicate  here 
entire,  and  as  it  came  into  my  hands. 


PRINCIPAL   FEATURES    IN   THE    DEVELOPMENT  OP  THE  ANIMAL 

TISSUES,    BY    O.   VALENTIN. 

In  my  first  histogenetic  inquiries,  I  obsenred  certain  peculiar  granules  embedded 
in  transparent  gelatine,  as  the  elementary  matter  of  all  the  tissues.  I  remarked 
the  difference  between  these  granules  in  the  serous  and  mucous  laminae,  at  the 
period  of  the  earliest  separation  of  these  layers  from  one  another.  In  the  vascular 
lamina  I  found  large  globules  or  cells,  which  in  form  and  mode  of  mutual  appo* 
sition  I  likened,  so  long  ago  as  the  year  1835,  to  the  cellular  tissue  of  vegetables 
(Entwickebmgspeschichte,  287).  I  &1bo  first  directed  attention  to  the  resemblance 
in  form  and  appearance  of  the  cartilages  beginning  to  be  ossified,  particulariy  of 
the  branchial  cartilage  in  the  larva  of  the  frog  (from  observations  made  in  con- 
junction with  Purkinje),  to  the  cellular  tissue  of  plants  {ib.  209,  210).  I  de* 
scribed  the  round  cells  of  the  globules  with  their  interposed  cellular  substance 
of  the  chorda  dorsalis  of  young  embryos  {ib.  IS7,  and  Repertor,  i.  187)*  Shortly 
after  this,  I.  Miiller,  from  his  own  independent  observations,  announced  the 
cellular  structure  of  the  chorda  dorsalis  of  fishes  (on  the  Myxinoidg,  74).  In  the 
Epithelium,  which  Purkinje  and  Raschkow  {Melet,  c.  mammal,  dent.  evobU.  W, 
as  well  as  myself  {Nov,  Act.  Ac,  N.  C,  vol.  xviii.  p.  i.  96),  compared  to  the  ceUu- 
lar  tissue  of  plants,  I  chose,  expressly  on  account  of  this  resemblance  in  form,  the 
same  designation  for  the  centrsJ  mass, viz.  nucleus,  just  as  I  subsequentiy  described 
the  nucleolus  which  was  observed  by  me  at  a  later  period  {Repertor.  i.  143).  In  the 
study  of  the  Epithelium  continued  particularly  by  Henle  and  «ne,  the  analogy  to 
the  cellular  tissue  of  vegetables  could  not  be  missed,  and  the  independence  of 
the  cellular  parietes  was  distinctly  indicated  [jkb,  i.  284).  I  had  also  seen  that 
the  nuclei  were  the  parts  first  formed  in  the  pigment  of  the  choroid  coat  of  the 
eye  {BiUwick.  194),  and  I  compared  the  pigmentary  cells  to  the  vegetable  cellular 


OF    THE    TISSUES    (HISTOOBNY).  215 

tissue  {Repert.  245»  Lanpatbeek,  de  Retina,  38 ).  Schwann  gave  undoubted  com* 
pletenesa  to  these  analogies  when  he  showed  that  the  gelatinous  primordial  mass 
of  the  tissues  was  composed  of  cells,  that  the  granules  or  bodies  embedded  in  it 
are  nuclei,  and  that  these  often  exhibit  laws  of  evolution  of  the  same  kind  as  the 
cells  (Froriepe,  Neiie  Notizen,  Heft  i.  3,  1838,  and  Micros,  Untersueh,  iiber  Em* 
^immamg,  &c.)  In  1837*  I  had  observed  the  cells  of  the  germinal  membrane  in 
the  ovum  of  the  Sepia,  with  their  nuclei  and  nucleoli,  and  the  areas  that  surround 
them,  and  made  known  my -observations  in  a  letter  to  Breschet.  Very  shortly 
after  I  became  acquainted  with  Schwann's  first  paper  (Frorieps,  N.  N.  1838),  I 
began  a  series  of  observations  on  the  subject ;  and  the  chief  results  of  these  my 
more  recent  investigations  form  the  matter  of  the  following  communication.  I 
have  at  the  same  time  referred  at  the  proper  places  to  Schwann's  "  Inquiries'* 
{Untersuekmngen,  &c.),  the  first  part  of  which  I  have  this  day  received. 

As  among  vegetables  so  among  animals  we  find  granular  nuclei,  including  one 
or  more  nucleoli  and  surrounded  by  more  or  less  independent  cells,  which 
consist  of  separate  bounding  parietes,  and  distinct  contents.  From  this  prim- 
ordial formation  proceed  all  the  tissues,  how  heterogeneous  soever  tbey  appear  in 
their  completely  elaborated  and  perfect  estates.  The  different  ways  by  which 
the  metamorphosis  happens  are  susceptible  of  arrangement  in  an  ascending 
series,  under  the  following  elementary  types : — 

I.  Tke  nuclei  Ufith  their  nucleoU,  which  at  an  earlier  stage  are  free,  swrrtmnd 
tkemsehes  with  a  clear  cell,,  which  however  soon  dissolves,  so  that  the  nuclei  swim 
about  as  characteristic  corpuscules  in  the  fluid,  a^d  there  and  as  such  advance  in 
their  indkridual  development.  In  the  normal  organism  this  is  what  happens  in 
regard  to  the  Blood,  and  probably  also  to  the  Lymph.  The  blood-globules  are 
not  ceUs,  but  nuclei.  Their  nuclei  are  in  effect  nucleoli.  This  view  is  vouched 
for  by  two  decisive  facts: — I.  In  the  larvae  of  frogs  we  see  plainly  round  or 
square  diaped  granules,  applying  themselves  around  the  nucleoh  {Enwickelungs- 
gesch.  297*  Wagner,  Beitrdge,  Heft  ii.  38),  and  by  and  by  transforming  them- 
selves into  a  homogeneous  shell,  whilst  the  nucleus  remains.  This  in  the  type 
of  the  mode  in  which  the  nucleus  universally  originates,  and  attains  its  develop- 
ment, whilst  the  cell  around  the  nucleus  appears  without  exhibiting  any  transi- 
tion-stage of  the  kind.  2.  When  the  blood -globules  of  the  embryo,  even  after 
they  have  attained  the  flatness  that  characterizes  them  in  the  mammalia,  and 
agree  in  size  with  those  of  the  mature  animal,  are  treated  with  acetic  acid,  they 
suffer  little  or  no  change  in  form  and  size ;  whilst  this  acid  immediately  reacts 
in  the  well-known  manner  upon  the  fresh  blood  of  the  mother.  The  blood- 
globules  of  the  embryo  thrown  into  concentrated  acetic  acid  fint  lose  their 
colouring  matter,  although  in  a  less  degree  than  when  treated  with  distilled 
water,  and  they  retain  their  shell  or  envelope  for  two  days  or  more,  either  crisped 
or  altogether  unaltered.  Now  insolubility  in  acetic  acid  is  a  general  character  of 
the  nuclei  of  the  blood-globules,  whilst  the  cells  and  the  products  of  their  meta- 
morphoses are  universally  attacked  in  a  greater  or  less  degree  by  the  acid  in 
question.  The  bodies  called  the  lymph-granules  of  the  blood,  are  in  all  proba- 
bility free  nucleoli,  which  gradually  surround  themselves  with  nuclei.  Among 
the  products  of  pathological  states,  exudation  corpuscules  [coagulable  lymph 
granules]  belong  to  this  category.  like  so  many  embryonic  nuclei  these  are 
round,  granular,  and  he  tessellated  one  upon  another,  whilst  their  very  small 
interstices  contain  a  transparent  gelatine.  Should  the  exudation  become  puru- 
leuty  this  gelatine  acquires  fluidity,  and  the  pus  globules  then  swim  in  the  liquor 
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pnrisy  sink  tessellated  to  the  bottom,  and  surround  themselves  with  cells,  which 
subsequently  undergo  transformation  in  accordance  with  the  laws  immediately 
to  be  named  into  exudation-fibres  or  exudation-membranes. 

II.  The  nmelei  summnd  themselves  with  cells  which  are  permanent,  bui  varums 
metamorphoses  of  both  the  nuclei  and  cells  ensMe,  according  to  the  individual  charac- 
ter qf  the  tissues  and  parts  which  they  go  to  compose : 

(a)  EpiTHBLiuM. — In  the  Celhdar  Epithelium  the  cells  are  more  or  less  poly* 
gonaly  flat,  and  lie  tessellated  or  pavement-like  near  one  another.  The  parietes 
become  (from  secondary  deposition  ?)  granular  and  homy.  The  nuclei  grow 
smdler,  clearer,  often  smooth,  and  lie  here  centrally,  there  excentrically ;  finally, 
the  nucleus  often  becomes  attached  to  the  inner  aspect  of  the  wall  of  the  cell 
In  the  cyUndrate  epithelium  the  uppermost  and  oldest  cell  is  cylindrical,  and  its 
free  superior  surfaces  are  either  level  or  slightly  convex,  its  opposite  aspect  appear- 
ing more  pointed,  and  produced  into  a  filament.  In  the  ciUate  epithelium  the 
free  upper  surfaces  of  the  cells  are  beset  with  cilia,  only  on  their  edges  however, 
not  on  their  middles.  The  nuclei  are  clear,  and  when  the  tissue  is  treated  with 
water  they  often  present  themselves  between  the  cilia,  or  where  these  have  fallen 
oflT  they  look  like  clear  globules  (Nov.  Act,  Ac.  N,  C.  vol.  xvii.  p.  ii.  tab.  Ixv. 
fig.  3).  All  the  cylindrate  and  ciliate  epitheliums  show  a  longitudinal  perpendi- 
cular arrangement  of  cells  {Repertor,  iii.  310). 

(6)  Horny  tissue. — As  the  best  example  of  the  homy  tissue,  I  select  the 
hoof  of  the  mammal.  The  nuclei  in  this  tissue  are  in  the  first  instance,  both 
relatively  and  absolutely,  large,  opaque,  round  ;  the  cells  are  relatively  small, 
transparent,  and  without  obvious  constituent  molecule  in  their  parietes.  By  and 
by,  both  the  walls  and  the  contents  of  the  cells  expand  conspicuously,  without 
losing  their  half-polyhedral,  half-round,  characteristic  boundaries.  The  more 
the  cells  dilate,  the  more  do  the  nuclei  shrink,  and  they  finally  present  them- 
selves to  the  observer  as  very  elegant  round  corpuscules  having  one  nncleolus, 
and  in  extremely  rare  instances  several  nucleoli,  in  their  centre.  The  nucl^ 
from  the  peculiarity  just  mentioned  and  their  flatness  finally  bear  the  closest 
resemblance  to  the  blood-globules ;  they  are  attached,  generally  excentrically,  to 
the  inner  aspect  of  the  parietes  of  the  cells.  These  parietes  are  rough  (from  gra- 
nules or  laminae  applied  to  the  inner  aspect  of  the  primary  walls  of  the  cells  0 
and  grow  constantly  more  and  more  horny.  The  cells  often  exhibit  a  certain  ex- 
pansion lengthwise  (hoof  of  the  horse),  at  the  same  time  that  they  become  more 
transparent  and  more  intimately  connected,  although  here  and  there  their  boun- 
daries, even  in  grown  animals,  are  frequently  still  to  be  detected.  On  other 
homy  tissues,  vide  Schwann,  I  c.  90 — 99. 

III.  The  cells  exhibit  metamorphoses,  which  in  point  of  form  are  m  dU  respects 
analogous  to  those  we  observe  during  the  formation  qf  the  wood,  and  indeed  of  the 
pores,  in  plants.  (Burdach,  Physiol.  2  Aufl.  B.  ii.  168.)  At  first  there  arises  "a 
polyhedrous  cell,  with  a  large  opaque  nucleus.  This  nucleus,  however,  is  ab- 
sorbed, and  grows  smaller  in  the  same  proportion  as  a  deposit  furnished  with 
spiral  canals  takes  place  on  the  inner  aspect  of  the  wall  of  the  cell.  The  primary 
wall  of  the  cell  is  at  all  periods  readily  to  be  distinguished.  The  canals  in  neigh- 
bouring cells  correspond  with  one  another.  The  tubular  membrane  of  the  cray* 
fish,  Repertor.  i  124,  tab.  i.  fig.  23,  and  in  all  probability  the  membrane  of  the 
enamel  of  the  teeth,  are  formed  in  a  similar  manner. 

IV.  The  cellular  element  is  extremely  distinct  in  the  earliest  periods  qf  its  forma* 
tiott,  but  a  secondary  product  obscures  it,  or  even  causes  it  to  disappear  entirely. 
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(a)  Fat  (adqH>9e  Hssne), — ^The  ceUular  element  is  most  advantageously  exa- 
mined in  mach  emaciated  subjects.  If  the  integument  covering  the  pectoralis 
major  muscle  be  removed,  and  a  very  delicate  slice  of  one  of  the  small  masses  of 
reddish  yellow-coloured  fat»  which  will  there  be  found  lying  immediately  under 
the  corion,  be  placed  in  the  field  of  the  microscope,  a  very  beautiful  series  of 
polyhedral  cells  with  distinct  parietes  will  be  brought  into  view.  The  periphery 
of  the  somewhat  pale  granular  nucleus  is  generally  distinctly  visible.  A  large 
fat  or  (nl  globule  occupies  its  centre,  and  arr>und  it,  concentrically  disposed  but 
more  or  less  scattered,  a  variable  number  of  smaller  fat  globules.  Large  fat 
globules,  with  concentrically  scattered  smaller  ones,  and  a  surrounding  transpa- 
reat  but  definite  cell,  are  conspicuous  in  the  reddish  yellow-coloured  fatty  mass 
which  lies  over  the  spinal  cord  of  the  calf.  On  the  cells  of  the  viteUus,  vide 
Schwann,  1.  c.  56. 

(b)  PioMKNT. — I  have  already  remarked  that  the  nuclei  (pigmentary  globules) 
were  the  parts  first  formed  here.  These  surround  themselves  with  a  cell,  which 
generally  goes  on  enlarging  more  and  more,  and  is  usually  polyhedral.  Around 
the  nucleus,  which  looks  clear  in  consequence,  and  from  it  outwardly,  towards 
the  inner  wall  of  the  cell,  pigmentary  molecules  are  disposed,  whilst  the  primary 
walls  of  the  cell  continue  parted,  and,  being  so,  polygonal  interspaces  are  ob* 
served  between  their  several  layers. — (Vide  the  choroid  coat  of  the  horse's  eye). 
Pigmentary  ramifications  arise  in  accordance  with  the  law  by  which  a  cell  passes 
into  a  fibre.— (Vide  under  VIII.  a.) 

V.  The  nuclei  marotmd  ikemsehee  tpiih  extreme^  deUcate  cells,  and  about  these 
a  pecnUar  substance  is  deposited,  which  in  its  capacity  qf  rapid  growth  soon  forms 
the  largest  portion  qf  the  tissue,  and  in  which,  as  in  all  other  intercellular  masses, 
new  nuclei  and  cells  may  be  produced.  • 

Imposed  gijobules  or  tbb  ckntral  and  pbriphbral  portions  of  thb 
NKRvoDB  SYSTBM. — ^Thc  process  of  development  here  is  best  observed  in  the 
grey  substance  of  the  superficies  of  the  hemispheres.  The  round  granular  nuclei, 
with  from  one  to  three  generally  round,  rarely  fusiform  nucleoli,  surround  them- 
selves with  cells  of  the  utmost  delicary,  consisting  of  a  transparent  membrane 
and  a  limpid  included  fluid ;  these,  when  treated  with  water,  give  way  and  dis- 
appear, no  trace  of  them,  save  their  nuclei,  remaining ;  they  can  actually  be  seen 
bursting,  the  fact  being  betrayed  by  the  momentary  jerk  which  the  nucleus 
exhibits,  the  phenomenon  being  precisely  the  same  as  that  which  Schwann  ob- 
served in  the  central  substance  of  young  ova  (1.  c.  57).  By  and  by  a  substance 
of  a  grey  or  reddish-grey  colour,  and  consisting  of  fine  granules  and  a  .transpa- 
rent uniting  mass  (a  relation  which  is  best  seen  when  a  fine  slice  from  an  entire 
--from  two  to  seven  inches  long — embryo  of  the  cow  or  sheep,  is  placed  under 
the  microscope  without  water  and  by  lamp  light),  arranges  itself  around  this 
cell.  The  cells  and  their  burstings  are  also  seen  very  distinctly,  and  in 
precisely  the  same  way,  in  the  granular  layer  of  the  retina.  The  nuclei  of  the 
ganglionic  globular  layers  are  brighter.  In  the  ganglionic  globules  the  pro- 
cess is  analogous  to  that  of  the  central  apposition-globules  (Belegenskugeln). 
The  reddish-grey  matter  which  is  deposited  around  them  is  firmer,  as  it  lies 
more  inwardly.  In  the  embryo  of  the  sheep,  measuring  an  inch  and  three- 
quarters,  all  the  stages  of  the  development  may  be  seen  in  the  Gasserian 
ganglion  close  to  one  another : — mere  nuclei  at  one  part,  and  at  another  very 
minute  complete  ganglionic  globules,  evolved  at  the  expense  of  the  external 
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reddish-grey,  finely-granular  substance,  and  which,  despite  their  minateness, 
are  seen  to  be  round,  three-cornered,  taper-shaped,  and  so  forth,  and  generally 
flattened  in  a  greater  or  less  degree.  In  the  clear  nucleus,  which  is  ever  relatively 
the  larger  as  the  ganglionic  globule  is  absolutely  smaller,  from  one  to  three  sepa- 
rate nucleoli  are  contained.  On  the  farther  development  of  the  gaogUonic  (^ 
bttle,  vide  Muller's  Arckw,  f.  1839- 

YI.  T%e  cells  exhilnt  a  very  high  degree  ofprodmOioe  or procreaHoe  power.  New 
nuclei  are  perpetwdhf  ariamg  wUhm  them  and  there  eurronndmg  theaudees  with 
edis,  we  haoefnaUy  ceU  wiikm  cell,  Uke  a  neat  qfpill  boxes  (Repertor.  i.  34, 175, 
386,  tab.  ii.  fig.  35) ;  abandonee  of  intereeUnlar  substance  is  at  the  same  time  de-> 
posited  betwiat  the  parietes  qf  the  cells,  and  these  two  elements  blended  together  com' 
pose  the  dementary  mass,^the  cells  with  their  products,  the  nuclei  aud  nudeok,  thi 
proper  and  peculiar  corpuscuies,  (Schwann,^,  c.  26,  et  sequent) 

Cartilaob. — ^This  intercellular  substance  is  more  compact;  it  is  granular  in 
the  permanent  cartilages  of  the  adult,  and  acquires  its  higher  consistency  and  its 
earth  in  the  process  of  ossification.  During  this  there  arise  opaque,  and  by  and 
by  ossific  reticulations,  in  the  centre  of  which  are  seen  clearer  spaces,  often  sepa- 
rated by  concentric  annular  striae,  containing  cartilage  corpuscuies  with  simple 
or  double-imbozed  nucleoli.  These  cartilage-corpuscules  pass  immediately  into 
bone-corpuscules  (Bntwickel.  263) ;  dear  at  first,  they  become  more  opaque  by 
degrees ;  they  are  of  large  size,  push  out  at  one  or  both  points,  especially  in  the 
first  instance,  filiform  prolongations,  which  are  the  first  indications  of  radii,  and 
grow  of  a  darker  hue  from  the  periphery  towards  the  centre.  When  they  are 
still  clear  but  chemically  impregnated  with  lime,  their  structure  is  no  longer 
recognizable ;  if  the  slice  be  softened  by  an  acid,  however,  the  nuclei  and  nu- 
cleoli come  again  into  view,  in  the  same  way  as  the  numerous  smaller  bone- 
corpuscules  present  themselves  in  the  spongy  tissue  which  surrounds  the  medul- 
lary cavity  concentricaQy,  or  lengthwise,  especially  in  the  bones  of  adults,  and 
like  other  cellular  fibres  contain  elongated  nuclei  with  pretty  clear,  small,  and 
separate  granules.  On  the  formation  of  the  medullary  cavities,  vide  Entwiekd- 
ungsgeschichte,  261.  In  the  reticulate  cartilage  of  the  ear,  the  round  granular 
nuclei  and  the  intercellular  substance  blend  together  and  form  a  network  which 
hardens  and  enlarges,  and  besides  the  clear  cellular  substance,  contains  in  its 
meshes  round  nuclei,  or  true  cartilage-corpuscules.  By  reason  of  the  multiplied 
imboxing  in  cartilage,  the  indication  of  the  elements,  as  cell,  nucleus,  and  nu- 
cleolus, is  to  be  viewed  as  merely  relative.  On  the  fibres  of  the  dental  sub- 
stance, .which  Schwann  (1.  c.  74),  with  the  greatest  probability  of  being  in  the 
right,  has  referred  to  this  place,  my  own  observations  are  incomplete.  The  cells 
of  the  primary  mass  resemble  those  of  the  primary  substance  of  the  auricular 
cartilage  (in  the  sheep),  and  the  fasciculate  canals  seem  the  analogues  of  the 
cellular  parietes,  or  of  these  and  the  intercellular  substance. 

VII.  7^  cells  are  tessellated,  or  spread  out  into  a  membrane,  in  the  manner  of  a 
piece  qfpaoeinent ;  their  granular  nuclei  He  in  the  middle.  The  parietes  qf  the  cells 
blend  into  a  traneparent  simple  membrane,  whilst  the  nuclei  are  ever  more  aud  mors 
aboorbed:  becoming  constantly  paler,  until  at  length  they  are  no  longer  recognisabk  ; 

(a)  Hyaloid  mkmbranb;  capsulb  op  thb  lbns  ;  blbhbntary  mbm brans 
OF  TBB  SACCus  cAPsuLo-pupiLLARis. — Ju  the  first  two  of  thess  tissues  the 
nuclei  are  especially  delicate ;  their  extreme  paleness  soon  renders  them  scarcely 
visible  s  by  and  hj,  as  it  appears,  they  vanish  entirely. 
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(&)  Innbr  mrmbbanb  of  tbb  BL00D.yx88BL8.— In  both  the  arteries  and  veins 
of  the  embryo,  as  well  as  in  the  large  vessels  of  adult  animals  (the  horse),  pale 
gnnnhff  nuclei  are  conspicnons.  The  blending,  or  fusion  of  the  cells  takes  place 
after  the  fisMcicular  type,  which  will  be  immediately  described;  when  detached 
they  therefore  usually  present  themselves  as  broad  cellular  fasciculi,  evidences  of 
their  fibrous  structure  being  readily  discovered  at  every  point  of  the  membrana 
intima.  (Miiller's  Arehio,  1838,  196.) 

VIII.  The  eeUs  and  their  muski  arrange  thenuehes  m  hngUudinal  Unees  the 
edl-waUs  coalesce  in  linee,  and,  at  the  cost  of  the  nuclei,  form  thenuehes  w/o 
fbres: 

(a)  Cbllular  mbmbranx.— The  cells  become  elongated,  coalesce  longitudi- 
nally, and  over  and  under  the  nucleus  grow  smaller,  till  at  length  they  change  into 
cylindrical  fibres.    The  very  delicate  cell-paries  is  produced,  or  drawn  out,  over 
the  nndens,  which  soon  becomes  of  an  elongated  round  form,  but  somewhat 
flattened :  in  this  way  arise  spindle-shaped  bodies  containing  a  granular  nucleus, 
which  extend  as  cylindrical  fibres.    The  arrangement  of  the  individual  cell- 
fibres  prefignrea  exactly  that  of  the  future  cellular  membranous  bundles.    They 
form  reticulations,  the  meshes  of  which  are  round,  and  not  unlike  the  cellular 
tissue  of  an  herbaceous  vegetable  {eatample,  in  the  connecting  tissue  of  the  navel 
string,  and  the  pulp'of  a  tooth) ;  or  they  stand  in  simpler  arches  {exain^le,  in  the 
epiploa) ;  or  they  dose  in  and  surround  organs  and  organic  parts  {example,  the 
glands  and  the  several  lobules  of  these) ;  or  they  are  longitudinal  {(example,  in  the 
septa  of  the  kidney,  the  transversely-streaked  muscular  fibres,  upon  the  blood- 
▼essde,  and  so  forth).    In  general  there  proceeds  from  one  of  the  two  ends — 
and  this  is  that  one  which  is  in  relation  with  the  nucleus — a  simple  cylindrical 
filament  of  the  ceU-wall.    In  the  pulp  of  the  teeth  it  forms  with  the  delicate  wall 
of  the  cell,  a  more  or  less  three-cornered  central  body,  from  which  several,  gene- 
rally three,  threads  diverge,  an  arrangement  with  which  Purkinje  and  Raschkow 
G-  c.  fig.  7)  were  already  familiar.     Finally,  in  the  omentum  majus  of  a  foetal 
calf,  nine  inches  in  length,  I  once  observed  several  cylinders  proceeding  from  the 
lateral  aspects  of  a  spindle  of  this  kind,  in  addition  to  the  two,  one  from  either 
end,  which  are  usually  encountered.    These  spindles,  with  their  nuclei,  I  first 
noticed  in  the  sheath  of  the  acoustic  nerve  {Eniwick.  208).    The  spindles,  with 
their  nudei,  lie  at  those  points  where  the  fibres  run  longitudinally — straight  or  con- 
centrically, alternately  or  severally,  whilst  the  interspaces  are  occupied  by  a  trans- 
parent mass.     In  reticulate  connexions  a  transparent  gelatine  lies  in  the  meshes, 
whidi  in  the  umbilical  cord  often  contain  an  isolated  granular  nucleus,  or  this 
induded  in  a  round  cell.    The  nudei  are  paler,  and  finally  disappear  completely, 
60  that  instead  of  a  cellulate  fibre,  a  simple  fibre  is  formed,  and  this  separates,  in 
accordance  with  the  laws  of  separation,  into  filaments  of  cdlular  tissue,  which  im- 
mediately after  their  acquired  individual  existence  in  their  free  condition,  exhibit 
their  elastic  undulatory  flexions — this  is  apparent  in  the  sheep's  embryo  of  two 
inches  long.   The  fibres  of  the  tendons  comport  themselves  in  a  similar  manner, 
only  that  here  the  fibres  are  thicker,  and  in  the  first  instance  present  granular 
bundles. 

(6)  Elastic  tissub. — ^The  cells  lie  like  parenchyma  by  one  another,  and  are 
somewhat  depressed  or  flattened,  as  it  seems.  Their  walls  are  granular,  at  the 
expense  of  the  nudei,  but  not  so  dark  as  in  the  homy  tissue.  By  the  blending 
or  fiuion  of  these  cells  arise  (in  the  ligamentum  flavum  nudue)  peculiar  granular 
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fibres^  which  are  at  the  same  time  covered  externally  with  small  molecules.  In 
relation  vidth  the  parietes  of  the  eels,  or  as  intercellular  substance,  the  elastic 
fibrous  net  is  now  produced,  and  this,  from  its  thickness,  raises  and  incloses  be- 
tween its  meshes  the  smooth  dry  granular  parietes  of  the  cells — this  is  apparent 
in  the  aorta  even  of  adult  animals. 

(c)  Muscular  tissub. — So  soon  as  the  muscular  tissue  assumes  the  fibrous 
form,  it  is  seen  to  contain  very  pale  round  nuclei,  lying  in  the  close  vicinity  of  one 
another.  From  this  it  is  fair  to  conclude,  that  the  cells,  in  like  manner  longi- 
tudinally arranged,  blend  together  immediately,  and  without  undergoing  elonga- 
tion into  filaments.  This  inference  is  confirmed  by  the  circumstance  that  such 
a  muscular  fibre  in  the  embryo  is  seen  as  a  mere  succession  of  chambers,  like  a 
fibre  of  the  ova  of  the  confervse,  with  its  series  of  cells,  and  a  nucleus  in  each.  I 
have  not  hitherto,  however,  succeeded  in  obtaining  such  a  view  of  this  multilo- 
cular  arrangement,  as  fully  to  satisfy  my  mind  of  its  entire  and  constant  accord- 
ance with  nature.  There  are  tjvo  conditions  which  either  bring  out  the  appear- 
ance, or  render  it  plainer : — 1st.  It  happens  that  betwixt  each  two  of  the  ordi- 
nary constrictions  of  the  muscular  fibre  a  regular  nucleus  is  perceived.  2nd. 
Upon  the  transverse  lines  which  produce  the  cancellate  divisions,  lie  very  small 
round  molecules,  with  very  dark  outlines  and  transparent  centres,  in  a  more 
or  less  regularly  transverse  lineal  arrangement.  The  clear  nucleus  lies  inside 
the  hollow  muscular  fibre,  and  is  frequently  seen  projecting,  either  partially  or 
wholly,  from  the  divided  end  of  the  fibre.  At  a  later  period  it  is  ever  more  and 
more  undistinguishable.  Longitudinal  striee,  and  soon  after  these,  transverse 
strise,  make  their  appearance  in  the  muscular  fibre,  lliat  the  internal  hollow  of 
the  muscular  fibre  remains,  is  rendered  probable  by  the  circumstance  noticed  by 
me,  now  some  time  ago,  to  wit,  that  the  ends  of  the  living  muscular  fibre 
divided,  often  become  everted  (Hecker*s  Neue  Annalm,  ii.  71).  The  subsequent 
stages  in  the  development  of  the  transversely-streaked  muscular  fibre  are  treated 
at  length  in  !Entwickelungsffeschichte,  S.  69. 

(d)  FiBRBS  OF  THE  CRYSTALLiNK  LENS. — ^That  the  Superficial  vesiculate  or 
cellular  formation  suffers  metamorphosis  into  the  fibres  of  the  lens,  was  shown 
by  me  to  be  extremely  probable  in  1838  <Ammon's  Zeiisehriftf  iii.  330).  The 
cells  contain  very  pale  nuclei,  with  single  nucleoli ;  they  then  unite  longitudinally 
one  with  another,  like  a  string  of  beads,  pale  nuclei  being  still  discernible  in  the 
cells  of  most  recent  formation.  Upon  the  fibres  themselves  I  further  observed 
an  extremely  delicate  granular  matter.  Each  fibre  then  divides  by  fine  lines 
into  threads,  which  however  cannot  be  distinctly  isolated,  even  in  the  adult,  and 
which  are  remarkable  for  the  beautiful  regularity  of  their  arrangement  (^Enttoiek, 
203;  Wemeck,  in  Ammon's  Zeitschr.  v.  414). 

(e)  Primary  nbrvous  fibre. — The  septa  arise  in  the  fibres  of  nerves  like 
those  of  the  muscles,  ganglionic  globules,  and  ganglia,  glands,  &c.  out  of  cellU'- 
late  fibres,  from  which  the  general  sheath  of  a  nerve  in  the  first  instance,  and  the 
special  sheaths  in  the  second,  become  distinguished.  Within  this  sheath  we  can 
perceive,  but  only  at  a  very  early  period  (in  the  nervus  trigeminus  and  nervus 
facialis  of  the  sheep's  embryo,  1 }  of  an  inch  long,  for  instance),  single  primary 
nervous  fibres,  which  here  run  as  completely  isolated  as  we  find  them  in  the 
pulpy  nerves  (tn  newis  moUibus)  of  adult  creatures,  which  are,  like  these,  rendered 
visible  by  caustic  alkali  (when  they  are  not  already  obvious),  and  which  from  the 
greater  relative  strength  of  the  sheath  first  become  tortuous  after  mechanical 
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traction.  The  contents  are  not  of  a  pure  white  colour,  but  decidedly  yellowish, 
and  the  fibre  occasionally  exhibits  a  small  clear  (granular)  nucleus  in  different 
places  of  its  course.  At  a  later  period  the  fibre  becomes  white,  and  the  more 
the  sheaths  are  individualised,  the  more  does  it  exhibit  windings,  and  increase 
in  breadth  and  thickness. 

IX.  Finally,  the  earthy  deposits  of  the  body  manifest  their  cellular  relation* 
ships  in  a  less  obvious  manner.  The  auditory  crystals  present  themselves  in  the 
sheep's  foetus  of  from  six  to  seven  inches  long,  as  very  small  elongated  round 
bodies.  If  a  fine  slice  of  the  membranous  labyrinth  be  examined,  three  or  four 
of  these  crystals  may  be  seen  connected  with  a  nucleus,  like  so  many  nucleoli. 
These  minute  bodies,  even  at  this  early  period,  when  treated  with  a  little  nitric 
add,  give  off  an  abundance  of  carbonic  acid  gas.  llie  crystalline  globules  are 
laminated,  or  arranged  in  layers,  around  a  nucleus  (Muller's  Archiv,  1836,  t.  x^ 
fig.  13),  or  around  this  and  a  nucleolus  (Remak,  Obs.  Anat,  et  Microscop.  de 
pfstem,  nervos,  struct,  tab.  ii.  fig.  26 ;  Repertorium,  iii.  tab.  i.  fig.  6). 

From  the  account  now  given,  it  appears  that  we  have  an  ascending  series  of 
formations,  in  which  the  types  I.  II.  III.  and  IV.  present  perfect  analogies  with 
those  that  are  observed  in  the  vegetable  world.  Types  V.  and  VI.  are  essentially 
modified,  and  appertain  to  the  very  highest  grades  of  organic  formation.  Types 
VII.  and  VIII.  possess  the  purely  vegetable  form  only  in  the  very  earliest  stages; 
m  their  perfect  conditions  they  present  no  analogy  whatsoever  with  any  thing  we 
observe  in  plants,  in  point  of  form.  The  transition  stage  of  the  cellular  fibre 
may  perhaps  be  found  to  present  a  certain  analogy  with  what  Mohl  has  described 
and  figured  in  Scytonema  myochrus  {Ueher  die  Verbindung  der  PfianxmzeUen, 
1835,  tab.  i.  fig.  10),  as  also  in  the  knotty  vessels  of  the  latex  of  young  leaves — 
in  Robinia  pseudo-acacia,  for  example. 

The  universal  primitive  form  of  every  tissue  is  therefore  the  cell,  which  itself  is 
preceded  by  the  nucleus  as  mediate,  and  the  nucleolus  as  immediate  products 
of  the  formative  power.  Cells  and  nuclei  seem  to  stand  in  mutual  and  relative 
opposition,  so  that  generally,  perhaps  invariably,  the  one  is  evolved  at  the  expense 
of  the  other.  After  these  transition  stadia  are  accomplished,  the  tissue  attains 
individuality  according  to  general  character  and  the  place  it  occupies  in  the 
system.  During  this  last  stage  the  more  distant  organic  parts  enlarge,  as  is 
distinctly  seen  in  the  cells  of  the  epithelium,  in  the  tubular  membrane,  in  the 
pigment,  the  ganglionic  globules,  Uie  muscular  fibres,  the  tendinous  fibres,  the 
primary  fibrous  fasciculi  of  the  nerves,  and  the  elastic  fibres ;  whilst  mere  nuclei^ 
such  as  the  blood,  lymph,  coagulable  lymph,  and  pus-globules  remain,  or  suffer 
diminution  in  the  course  of  further  development. 

That  the  cellular  formadon  also  forms  the  basis  of  all  the  morbid,  new,  or 
heterologous  formations,  is  made  manifest  by  the  observations  of  Miiller,  Henle, 
and  myself.  [Vide  in  particular  the  work  of  Miiller,  Ueber  krankhafte  Bil' 
dimgeny  ^e.  for  an  excellent  translation  of  which  into  English,  On  the  Nature  and 
Structural  Characteristics  qf  Cancer,  SfC.  we  are  indebted  to  Dr.  West.  Svo.  Lond. 
1839.     R.  W.] 

After  the  above  communication  of  Dr.  Valentin  was  in  the 
printer*s  hands,  I  received,  through  the  politeness  of  Dr.  Schwann, 
a  brief  notice  of  the  results  to  which  his  observations  on  the 
DEVELOPMENT  OF  THE  TISSUES  had  led  him;  and  it  affords  me 
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particular  pleasure  to  have  the  privilege  of  laying  these  before  my 
reader  in  this  place. 

*'  AU  the  organic  tissues/'  says  Dr.  Schwann,  "however  different  they  may  he, 
have  one  common  principle  of  development  as  their  hasis,  viz.  the  formation  of 
cells ;  that  is  to  say,  nature  never  unites  molecules  immediately  into  a  fibre,  a 
tube,  and  so  forth,  but  she  always  in  the  first  instance  forms  a  round  cell,  or 
changes,  where  it  is  requisite,  cells  into  the  various  primary  tissues  as  they 
present  themselves  in  the  adult  state.  The  formation  of  the  elementary  cells  takes 
place,  in  the  main  points,  ui  all  the  tiasuefl  according  to  the  same  laws ;  the  far- 
ther formation  and  transformation  of  the  cells  is  different  in  the  different  tissues. 

The  primary  phenomena  of  the  cells  are  the  following :  there  is  first  a  struc- 
tureless substance  present  (cytoblastema),  which  is  either  contained  in  pre- 
existing cells,  or  exists  on  the  outside  of  these.  Within  this,  cell-nuclei  generally 
first  arise — round  or  oval,  spherical  or  flat  corpuscles — ^which  usually  include 
one  or  two  small  dark  points  (nudear-corpuscules).  Around  these  cell-nuclei 
the  cells  are  produced,  and  in  such  wise  that  they  at  first  surround  the  nuclei 
closely.  The  cells  expand  by  growth,  and  indeed  by  intu8su8ception>  &od 
the  same  thing  very  commonly  happens,  for  a  certain  period,  in  regard  to  the 
nuclei.  When  the  cells  have  attained  a  certain  stage  of  development,  the  nuclei 
generally  disappear.  With  reference  to  the  place  at  which  the  new  cells  arise  in 
any  tissue,  the  law  is  that  they  constantly  appear  where  the  nutritive  fluid  pene- 
trates the  tissue  most  immediately ;  therefore  it  is  that  the  formation  of  new  cells 
in  the  unorganized  tissues  only  takes  place  at  the  points  where  they  are  in  con- 
tact with  the  organized  matter ;  in  the  completely  organized  tissues,  ag^n,  where 
the  blood  is  distributed  to  the  whole  of  the  texture,  new  cells  are  produced  in  the 
entire  thickness  of  the  tissue. 

The  process,  by  which  the  cells  evolve  themselves  into  the  elementary  forma- 
tions of  the  individual  tissues  is  very  multifarious.  The  most  remarkable  dif- 
ferences are  the  following : — 1.  The  elongation  of  the  cell  into  a  fibre,  which  pro- 
bably takes  place  in  consequence  of  one  or  more  parts  of  the  cell-wall  increasing 
in  a  greater  degree  than  the  others.  2.  The  division  into  so  many  isolated 
fibres,  of  a  cell  elongated  m  different  directions.  3.  The  blending  of  several 
simple  or  primary  cells  into  one  secondary  cell. 

Cartilaob.  The  cartilages  are  distinguished  among  all  the  tissues  of  the 
human  body,  by  containing  the  largest  quantity  of  cytoblastema,  which  is  also 
extremely  consistent  (fig.  CXXXIV.)  The  quantity  of  cytoblartema,  however, 
differs  greatly  in  different  cartilages.  It  is,  for  instance,  much  smaller  than 
usual  in  the  branchial  cartilages  of  the  larva  of  the  frog  (fig.  CXXXV.).    Here 
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Fig.  CXXXIV.— Cartilage;  the  nidus  of  the  os  ileum, 
but  as  yet  without  earthy  deposit,  from  the  fcetus  of  the 
sow. 
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the  cdls  may  be  obaerved  flattening  one  another  as  soon  u  tbey  touch.  Us 
first  fomiation,  and  the  anbeequent  growth  of  cartilage,  take  place  in  luch  wiae, 
that  a  cftoblaatema  ia  fint  prodaced,  in  which  cells  then  form,  whilst  at  the 
same  time  frcah  cytohlastema  ariaes,  within  which  agun  cell*  are  evolved  as  be- 
fore, and  BO  the  process  goes  on.  As  the  cartilage  ia  without  resaels  at  first, 
the  formation  of  new  cells  only  proceeds  on  the  superScies  of  the  aubatance,  or, 
at  sH  eventa,  in  the  vidnitj  of  thia;  in  the  aitnation,  therefore,  where  the  car- 
tilage ia  in  immediate  contact  with  the  notritive  matter.  The  production  and 
growth  of  the  cells  of  cartilage  are  exhibited  in  figure  CXXXV.  In  the  cyto- 
bUitema,  on  the  aur&ce  of  the  cartilage  at  a,  or  between  the  new-formed  cella  at 
b,  new  cell' nuclei  ore  iriaing.  Aronud  these,  cells  will  by  and  by  be  formed,  ai 
at  e  and  d,  which  atill  anrround  the  nucleua  intimately,  and  are  very  thin  in  the 
walla.  Tbeae  ceDa  expand  by  growth,  and  their  walls,  at  the  tame  time,  becoow 
thicker-  The  nuclei  also  grow  in  a  very  alight  degree  for  a  while.  The  cella 
contain  now  a  clear  fluid,  now  a  granolar  precipitate,  which  generally  first  forma 
itaeJf  around  the  nucleua,  at  at  e,  fig.  CXXXV,  for  example.  In  tiie  old  cella  young 
cella  occasionally  arise— (Are  theK  fat  cella  1}  By  and  by  cavitiea  or  canala 
(maiTow-ranala)  are  formed  in  the  cartilageg  in  a  way  which  has  not  yet  been  in- 
vestigated with  sufficient  care,  through  which  vetaels  alao  take  their  courae.  If, 
after  this  epoch,  any  new  cells  are  produced,  we  may  preanme  that  their  evolu- 
tion talfcs  place  not  only  from  the  sur&ce  of  the  cartilage,  bnt  also  around  theao 
vascular  cavitiea  and  canala ;  and,  perhaps,  it  ia  from  this  circumstance,  that 
after  osaification,  the  cells  are  found  disposed  in  larainse,  partly  concentric 
around  the  cavity  of  the  medullary  canal,  partly  parallel  with  the  surface  of  the 
cartilage.  In  the  proceas  of  ossification,  the  earth  is  first  deposited  in  the  cyto- 
blastema  of  the  cartilage.  The  cells  of  the  cartilage,  at  the  aame  time,  suffer  a 
remaricable  change,  which  seems  to  consist  in  thia,  that  they  become  elongated  in 
diflerent  directions  into  hollow  processes  or  canals,  and  thus  acquire  a  stellated 
^pearacce  (stellated  cells).  The  nuclei  of  the  cells,  during  this  process,  are  ab- 
sorbed. At  length,  and  finally,  the  cella  themaelves,  and  the  canals  proceeding 
from  them,  appear  to  become  filled  with  calcareous  earth. 

Cblldlau  T[SBttB. — The  cytoblaatema  of  the  cellular  tissue  is  a  structureless, 
gelatinous  looking,  transparent  substance,  not  unlike  the  vitreous  hnmour  of  the 
eye.  Within  this  arise  small  round  granular-looking  cells,  fumiahed  with  nu- 
dri  (fig.  CXXXVT.  a.)  Here,  too,  the  nucleua  appeara  to  be  the  part  first 
formed,  the  cell  being  developed  around  it.  As  the  cellular  tissue  contains 
blood- vessels,  the  evolution  of  new  cella  also  proceeda  through  the  entire  aub- 
atance of  the  tissue.    Ths  cells  grow,  but  scarcely  attain  to  twice  the  diameter 


Fig.  CXXXV.  represents  the  branchial 
cartilage  of  a  very  young  larva  of  the  frog. 
The  lower  edge  of  the  preparation  is  the  na- 
tural limit  of  the  cartilage. 
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of  the  nuclei  they  enclose ;  at  a  very  early  period,  however,  they  hegin  to 
lengthen  out  in  two  opposite  directions  into  fibres  (fig.  CXXXVI.  b).  The  fibres 
then  stretch  on  either  hand  into  several  branches  (c,  d,)  and  these,  in  their  tarn, 
proceed,  dividing  into  still  smaller  fibres.  This  fibrillation  of  the  brancbes, 
however,  by  and  by  proceeds  backwards,  towards  the  stem  of  the  fibre  arising 
immediately  from  the  body  of  the  cell ;  so  that  at  a  later  period,  instead  of  a 
single  fibre,  a  bundle  of  isolated  fibres  is  seen  proceeding  from  either  side  of  the 
body  of  the  cell  (fig.  CXXXVI.  e).  Fmally,  the  body  of  the  ceU  itself  also  splits 
into  fibres,  and  then,  instead  of  a  cell,  we  have  a  bundle  of  particular  fibres,  to 
which  the  nucleus  of  the  former  cell  still  continues  attached.  This  process  con- 
sists, therefore,  in  a  kind  of  spUtting  up  of  a  single  cell  into  a  multitude  (perhaps 
of  hollow)  fibres.  At  a  subsequent  period,  the  nucleus  is  taken  away,  so  that 
the  fibres  alone  remain,  and  compose  the  filaments  of  the  cellular  tissue,  as  we 
find  them  in  adults.  It  would  appear,  however,  that  they  must  sufifer  a  chemical 
change,  in  addition  to  the  changes  in  form,  inasmuch  as  the  cellular  tissue  at 
first  affords  no  proper  gelatine. 

MuscLB. — ^The  researches  of  Valentin  have  shown  that  the  muscles  are  com- 
posed of  globules  arranged  in  rows,  hke  strings  of  beads,  which  then  unite  into 
a  fibre, — the  primary  muscular  fibre.  The  fibre  thus  evolved  is  a  hollow  cylinder, 
in  the  cavity  of  which  cell-nuclei  lie  near  to  one  another  (fig.  CXXXVII.  a.) 
From  this  it  becomes  probable,  that  the  globules  which  compose  the  fibre  were 
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Fig.  CXXXVI.  —  Various 

stages  in  the  evolution  of  the 
cellular  tissue  of  the  fcetusof 
the  sow ;  the  stages  are  in  the 
order  of  the  letters  of  refer- 
ence; c  and  d  are  mere  va- 
rieties. 
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Fig.  CXXXVII.  a,  b,  c- 
Different  stages  in  the  evolu- 
tion of  muscular  fibre;  d,  a 
muscular  bundle  impeifectly 
developed,  standing  on  its 
edge. 
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hollinr, — were  cella, — and  that  the  auclei,  indaded  in  the  cjlinder,  are  the  nuclei 
belonging  to  these  primary  celli.  The  earlier  process  of  evolution,  which  I  have 
juA  myBcIf  investigBted,  rnnat  therefore  have  been  as  foUowE : — the  (hollow) 
globnles  or  prinurj  celli  arranged  themaelvea  in  a  row,  or  coaieaced  into  a  cylin- 
der,  and  then  the  septa,  by  which  this  cylinder  must  have  been  divided,  under- 
went abaorption.  The  nuclei  are  flat,  and  lie  within  the  cylinder,  not  in  ite  axis, 
bnl  in  in  walla.  This  cyUnder,  rounded  and  closed  at  its  ends, — this  secondary 
muscnlar  cell,  grows  continually,  like  a  simple  cell,  but  only  in  the  direction  of 
its  length,  for  it  either  gains  nothing  in  point  of  breadth,  or  it  becomes  actually 
thinner.  The  growth  lengthwise,  however,  does  not  proceed  fiom  the  ends  only, 
bat  through  the  entire  extent  of  the  cyhnder,  as  ia  obviuus,  from  the  fact  of  the 
nuclei,  which  at  lirM  lay  close  to  one  another,  getting  more  and  more  distant, 
and  even  themaelves  elongating  often  in  no  in  considerable  degree.  In  this  way, 
the  muscular  bundle  a,  (iig.  CXXXVII.)  is  changed  into  the  bundle  b.  At  this 
period,  the  deposition  of  a  new  substance  upon  the  inner  surface  of  the  parietes 
of  the  cylinder,  or  cellular  membrane  of  the  secoadary  muscular  cell  takes  place, 
by  which  its  wall  is  thickened  (compare  the  fibre  c,  with  the  fibre  b,  lig. 
CXXXVIIO  That  the  thickening  of  the  wall  here  is  no  thickening  of  the  cell< 
mranbrane  itself,  as  it  ia  in  the  case  of  cartilage,  appears  from  this,  that  the  nuclei 
are  not  forced  inwards,  towards  the  hollow  of  the  cylinder,  but  outwards,  and 
continue  lying  in  front  of  the  secondary  deposition,  as  is  seen  in  d,  (fig. 
CXXXVII.)'  The  Mcondary  deposition  in  question  goes  on  until  the  cylinder  ia 
completely  filled.  The  deposited  substance  changes  into  very  delicate  fibres, 
which  run  in  the  direction  of  the  length  of  the  cylinder.  These  are  the  primary 
mnacular  fibres ;  together  they  constitute  a  bundle,  and  this  is  the  primary  mus- 
cular fasciculus,  which  ia  inclosed  CTtemally  by  a  peculiar  structureless  wall— 
the  cell-membtane  of  the  secondary  muscular  cell.  A  process,  in  all  respect, 
analc^ouB,  occurs  according  to  Meyen,  in  the  cells  of  the  liber,  or  inner  bark  of 
vegetables.  Here  too,  simple  cells  arise,  which  arrange  themselves  in  rows,  and 
by  coalescing  at  the  points  where  the  cellular  parietes  are  in  contact,  subse- 
quent absorption  of  the  septa  being  produced,  change  into  a  secondary  cell,  the 
wall  of  which  increases  in  thickness  by  means  of  secondary  depaeition ;  the  only 
thing  wanting  in  the  resemblance  is,  that  this  thickening  should  take  place  by 
UKans  of  longitudinal  filaments. 

NiBVB. — The  nerves  appear  to  be  formed  after  the  same  manner  as  the 
muscles,  vis.  by  the  fusion  of  a  number  of  primary  cells  arranged  in  rows 
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cranium  of  a  fiEtal  calf. 
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into  a  secondary  cell.  The  primary  nervous  cell,  however,  has  not  yet  heen 
seen  with  perfect  precision,  hy  reason  of  the  difficulty  of  distinguishing  nervous 
cells  whibt  yet  in  their  primary  state,  from  the  indifferent  cells  out  of  which 
entire  organs  are  evolved.  When  first  a  nerve  can  be  distinguished  as  such,  it 
presents  itself  as  a  pale  cord,  with  a  coarse  longitudinal  fibrillation,  and  in  this 
cord  a  multitude  of  nuclei  are  apparent  (fig.  CXKXVIII.  a).  It  is  easy  to  de- 
tach individual  filaments  from  a  cord  of  this  kind,  as  the  figure  just  referred  to 
shows,  in  the  interiors  of  which  many  nuclei  are  included,  similar  to  those  of  the 
primitive  muscular  fasciculus,  but  at  a  greater  distance  from  one  another.  The 
filaments  are  pale,  granulated,  and,  (as  appears  by  their  farther  development,) 
hollow.  At  this  period,  as  in  muscle,  a  se^^ondary  deposit  takes  place  upon  the 
inner  aspect  of  the  walls  of  the  fibrils,  or  upon  the  inner  aspect  of  the  cell- 
membrane  of  the  secondary  nervous  cell.  This  secondary  deposit  is  a  fatty 
white-coloured  substance,  and  it  is  through  this  that  the  nerve  acquires  its 
opacity  (fig.  CXXXVIII.  b).  Superiorly,  the  fibril  is  still  pale;  inferiorly,  the 
deposition  of  the  white  substance  has  occurred,  and  its  effect,  in  rendering  the 
fibril  dark,  is  obvious.  With  the  advance  of  the  secondary  deposit,  the  fibrils 
become  so  thick,  that  the  double  outline  of  their  parietes  comes  into  view,  and 
they  acquire  a  tubular  appearance  (fig.  CXXXVIII.  c).  On  the  occunence  of 
this  secondary  deposit,  the  nuclei  of  the  cells  are  generally  absorbed ;  yet  a  few 
may  still  be  found  to  remain  for  some  time  longer,  when  they  are  observed  lying 
outwardly  between  the  deposited  substance  and  the  cell -membrane  (fig* 
CXXXVIII.  c),  as  in  the  muscles.  The  remaining  cavity  of  the  secondary 
nervous  cell  appears  to  be  filled  with  a  pretty  consistent  substance,  the  band  of 
Remak,  and  discovered  by  him.  In  the  adult  a  nerve  consequently  consists, 
1st,  of  an  outer  pale  thin  cell-membrane— the  membrane  of  the  original  con- 
stituent cells,  which  becomes  visible,  when  the  white  substance  is  destroyed  by 
degrees,  (ex.  gr,  fig.  CXXXVIII.  d) ;  2nd,  of  a  white  fatty  substance,  depo- 
sited on  the  inner  aspect  of  the  cell-membrane,  and  of  greater  or  less  thickness; 
3rd,  of  a  substance  which  is  frequently  firm  or  consistent,  included  within  the 
cells,  the  band  of  Remak. 

Along  with  these  observations,  and  grounded  upon  them.  Dr.  Schwann  has 
communicated  to  me  some  general  views  of  the  organic  powers,  which,  however, 
in  conformity  with  the  plan  of  my  work,  I  reserve  for  another  place. 


CONCLUDING    REMARKS^    RETROSPECTIVE    AND    PROSPECTIVE. 

§  87.  After  the  exposition  now  given  of  the  various  particulars 
composing  the  processes  of  Generation  and  Development,  it  would 
be  extremely  interesting  to  trace  back  the  appearances  which 
we  have  observed  to  their  elements.     It  cannot,  in  particular,  be 
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Fig.  CXXXIX.— Cells  from  the  granulations  of  the 
umbilical  cord  of  the  calf.  ITiey  bear  a  striking  resem- 
blance to  the  cellular  tissue  of  vegetables ;  nuclei  are 
seen  included  in  the  several  cells.  After  Breschet  and 
Gluge  (Ann.  des  Sc  Nat,  t.  viii.  pi.  6,  fig.  5). 
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matter  of  doubt  with  the  considerate  observer,  that  tlie  unity  of 
PLAN  which  forms  the  substratum  as  it  were  of  the  vast  variety  of 
phenomena  occurring  throughout  creation,  must  also  be  cognizable 
here.  The  grand  features,  the  chief  results  would  indeed  present 
themselves  simply,  and  might  be  announced  in  few  words.  But, 
as  no  organic  process  can  be  comprehended  in  its  essence  isolatedly ; 
farther,  as  that  which  we  in  the  sequence  name  with  Goethe, 
primary  or  fundamental  phenomenon^  cannot  be  contemplated  em- 
pirically and  by  itself,  but  only  with  the  assistance  of  another 
cognizant  active  power,  viz.  the  mind ;  and  finally,  as  our  purpose 
is  to  give  a  theory  of  oroanic  life  following  from  and  based 
upon  a  careful  observation  of  the  elementary  phenomena  which 
make  up  its  sum,  it  is  evident  that  a  general  view  of  generation^ 
or  the  THEORY  of  generation,  can  only  be  in  place  in  our  last 
Book,  which  comprises  the  General  Physiology.  At  present, 
for  example,  it  would  be  impossible  for  us,  still  unacquainted 
with  the  process  of  nutrition,  to  refer  the  production  of  the 
human  embryo  to  universal  laws.  A  long  series  of  preliminary 
queries,  calculated  to  shed  great  light  on  the  essence  of  the  genera- 
tive process,  also  requires  to  be  answered;  but  these  too,  upon  the 
plan  we  have  laid  down,  can  only  be  taken  into  consideration  in  the 
general  physiology;  among  the  number  of  queries  now  alluded 
to,  the  following,  to  select  a  few,  present  themselves :  to  determine 
the  relations  between  the  organism  of  the  parents  and  the  progeny ; 
the  hereditary  transmission  of  corporeal  forms,  mental  aptitudes, 
and  liabilities  to  disease;  the  mode  in  which  monstrosity  ori- 
ginates; the  numerical  relations  of  the  sexes;  the  resemblance 
in  intimate  structure  of  the  objects  composing  both  organic  king- 
doms, and  so  forth.  These  are  all  obviously  subjects  for  after 
consideration"^ 

^''^  Upon  many  of  the  relations  just  named,  see  the  excellent  article  Genera- 
tion, of  Dr.  Allen  Thomson,  in  Todd's  Cyclopaedia  of  Anatomy  and  Physiology. 
I  may  be  allowed  to  observe  here,  that  I  participate  in  the  greatest  degree  in  the 
thorough  scepticism  of  this  writer  upon  many  points ;  for  example,  that  the  ima- 
gination of  the  mother  produces  any  permanent  bodily  impression  upon  the  pro- 
geny ;  that  tranaitoiy  states,  such  as  that  of  intoxication,  during  the  sexual  act, 
can  exert  any  influence  on  the  corporeal  or  mental  development  of  the  being  which 
is  its  result,  &c. ;  by  far  the  greater  number  of  the  data  adduced  in  support  of 
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this  popular  belief  will  not  bear  investigation,  and  others  admit  of  explanations 
very  different  from  those  usually  given ;  it  is  otherwise,  however,  with  regard  to 
the  transmission  of  the  bodily  and  mental  peculiarities  which  are  stamped  upon 
the  parents ;  these,  as  we  shall  see  at  a  future  period,  afford  most  important 
strong-holds  in  framing  a  theory  of  generation,  precisely  as  a  general  survey  of 
the  realm  of  organization  teaches  us  to  refer  the  production  of  organic  bodies  to 
universal  and  invariable  laws. 


[APPENDIX. 

Organization  of  Spermatozoa,     Addition  to  Annot.  \3  et  seg, 

under  §  6. 

Im  the  11th  vol.  of  the  Nov.  Act.  Acad,  C.  Z.  Natur.  Curios,  4to.  1839,  there  is 
a  paper  by  G.  Valentin  on  the  Spermatozoa  of  the  Bear,  in  which  the  question 
of  the  organization  and  consequently  of  the  truly  animal  nature  of  the  seminal 
animalcule  of  this  creature  seems  settled.  The  accompanying  figures  and  des- 
criptions are  copied  from  the  paper. 


SperrfuUozoa  of  the  Bear, 

In  the  left-hand  figure :  a,  the  spermatozoon  seen  from  the  upper  surfiuse ; 
&,  from  the  under  surnce ;  c,  from  the  side.  The  middle  figure  is  a  view  firom 
the  under  sur&ce  of  one  of  the  spermatozoa,  highly  magnified :  a,  the  anterior 
margin  bent  inwards ;  6,  the  distinct  part  of  the  bodv  situated  posteriorly ; 
c,  the  mouth ;  d,  the  anus ;  e,  the  internal  vesicles.  The  right-hand  figure  is 
one  of  the  cysts  of  evolution :  a,  the  outer  envelope ;  6,  the  transparent  contents  ; 
c,  the  vitelli ;  d^  spermatozoa  already  formed. 

The  writer  may  be  allowed  to  express  doubts  of  the  significance  of  the  mail- 
ings here  set  down  as  mouthy  anus,  &c.  This  amount  of  organization  seems  too 
much ;  were  it  all  it  is  here  presumed  to  be,  indications  of  somethinff  of  the 
same  kind  would  not  only  be  obvious  elsewhere,  but  would  probably  be  quite 
general. 

In  the  same  volume  there  is  a  paper  by  C.  G.  Carus  on  the  seminal  tube  of  the 
Sepia ;  in  which  he  describes  and  figures  a  very  complex  organization,  which  as 
certainly  belongs  to  an  entozoon,  probably  a  trichocephalus,  as  it  does  not 
belong  to  a  spermatozoon.  Carus  had  commissioned  a  fiiend  near  the  sea  shore 
to  send  him  some  of  the  seminal  tubes  of  the  Sepia  for  examination ;  the  friend 
must  have  sent  a  bottlefiil  of  entozoa  instead.  An  excellent  notice  upon  the 
seminal  tubes  of  Sepia  may  be  seen  in  the  Ann,  des  Sciences  NatareUee^  1^6.  for 
April,  1840,  by  Mr.  Milne  Edwards.  These  tubes  are  undoubtedly  the  cysts  in 
which  spermatozoa  appear  to  be  universally  developed,  in  a  persistent  state. 
The  writer  quoted  compares  them  very  aptly  to  the  pollen  capsules  of  plants, 
and  proposes  the  title  Spermatophora  for  their  designation.     R,  W.] 
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BOOK  THE  SECOND. 
OF  NUTRITION  AND  SECRETION- 


THE  SUBJECT   AND    PLAN    OF   TREATMENT. 

§  88.  So  numerous  and  complex  are  the  systems  of  organs 
which  concur  in  the  nutrition  of  the  animal  body,  that  it  is 
difficult  first  to  separate  the  processes  which  belong  to  these 
severally,  and  again  to  present  them  united  into  questionable 
shapes  to  the  mind.  The  blood  may  be  assumed  as  the  centre 
of  the  entire  process  of  nutrition  ;  it  is  advisable,  therefore,  to  begin 
with  an  exposition  of  the  constituent  elements  and  general  pro- 
perties of  the  blood.  We  shall  then  consider  its  containing 
channels,  and  the  manner  in  which  it  is  distributed  to  the  dif- 
ferent parts  of  the  body  and  is  brought  into  contact  with  the 
more  delicate  organic  elements. 

The  question  that  first  presents  itself  for  consideration  is  this : 
how  is  the  blood  produced  from  the  food  ?  The  answer  to  which  in- 
volves an  examination  of  the  entire  subject  of  digestion,  and  at  the 
same  time  seems  to  require  a  glance  at  the  formation  of  the  blood 
in  the  embryo.  The  phenomena  of  respiration  and  secretion 
again,  as  processes  most  intimately  connected  with  sanguification  and 
nutrition,  require  analysis  ;  they  are  themselves  nearly  allied,  and 
their  instruments  fall  under  the  common  head  of  the  vascular  capillaiy 
system.  We  shall  then  pass  in  review  the  phenomena  of  absorp- 
tion and  NUTRITION  in  especial,  and  conclude  with  a  summary  of 
the  contents  of  the  present  book/''* 

% 
^"^  The  physiology  of  nutrition  is  treated  of  at  great  length  in  the  Ist  and  2nd 
Books  of  MiiUer's  Physiology,  and  in  the  4th,  5th,  and  6th  of  Burdach's  great 
work, — Die  Phynologie  als  Erfahrtaigswiasenschafty  ^c.  of  which  there  is  a 
French  translation  by  M.  Jourdan,  in  9  vols.  Svo. 

R 
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CHAPTER  I. 


OF   THE    BLOOD. 


§  89  0/  the  Blood  in  General 

The  blood"'  presents  itself  as  a  led  and  warm  fluid  only  in 
man^  mammalia,  and  birds.  In  man  and  mammalia,  the  tempe- 
rature of  the  blood  ranges  between  97°  and  104®  F. ;  in  birds 
it  .has  been  found  as  high  as  109®  F.  "\ 

The  quantity  of  blood  contained  in  the  body  cannot  be  determined 
with  precision;  all  the  estimates  which  have  been  made  of  the 
matter  are  consequently  found  to  differ  greatly  from  one  another. 
Without  doubt,  the  quantity  of  blood  contained  in  the  living 
body  varies  to  a  certain  extent  with  the  age,  sex,  and  tem- 
perament or  constitution  of  the  individual  subject  examined. 
It  may  be  stated  approximatively  at  from  the  fifth  to  the  sixth 

"'  A  copious  index  to  the   very  extensire  literature   of  the  blood  crists 
in  the  third  volume  of  Burdach.    Among  older  writings,  the  most  weighty  of  all 
are  the  Experinmntal  Inquiries  of  William  Hewson,  8vo,  Lond.  1771 — 1773. 
The  papers  of  Prevost  and  Dumas,  in  the  Bibliatheque  UniverseUe  de  Geneve^ 
torn.  xvii.  p.  215  and  294,  are  also  important.    So  is  the  contribution  of  Prof. 
J.  MUller,  in  PoggendorflTs  Annals  for  1832.     Among  late  works,  that  of  Nasse, 
The  blood  in  a  variety  of  Relations  physiologically  and  pathologically  considered, 
(Das  Blutrn  mehrfacher  Beziehung,  ^c.  8vo.    Bonn  1836,)  deserves  particular 
mention,  [as  do  our  author*s  Contributions  to  the  Comparative  Physiology  of  the 
Blood  (Beitrage  zur  vergleichenden  Physiologie  des  BlvteSy  Istes  und  2tes  Heft. 
8vo.  Leipz.  1833—1838.)   The  most  original  British  inquirers,  after  Hewson,  into 
the  Physiology  and  Anatomy  of  the  blood,  are  Dr.  Davy  and  Mr.  Gulliver.  The 
papers  of  Dr.  Davy,  which  were  hitherto  disjecta  membra,  have  been  happily 
gathered  together  in  his  excellent  work  entitled  Researches^  Physiological  and 
Anatomical^  2  vols.  8vo.  Lond.  1839.    Those  of  Mr,  Gulliver  occur  in  different 
volumes  of  the  Lond»  and  Edinb,  PkHos.  Magazine^  Proceedings  of  the  Zoaiogieal 
Society  Trans,  of  the  Royal  Med,  and  Chirwg.  Society,  j-c.    A  summaiy  of  his 
views,  however,  will  be  found  in  the  Appendix  to  Gerber's  General  Anaiomyy  8vo. 
Lond.  1842  ;  and  in  the  same  place.  Tables  of  the  measurements  of  the  blood- 
discs  in  upwards  of  370  animals.     R.  W.] 

*'^'*  [Although,  in  comparison  witt  the  higher  vertebrata,  reptiles  and  fishes  may 
be  cold-blooded,  yet  some  of  them  possess  a  temperature  considerably  higher 
than  that  of  the  medium  in  which  they  live,  and  the  temperature  of  one  fish  at 
least  of  the  genus  Thynnus  is  nearly  or  quite  as  high  as  that  of  man.  The  fallow- 
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of  the  whole  weight  of  the  body,  and  to  amount  to  from  twenty  to 
twenty.five  pounds  "*.  In  Amphibia  and  Fishes  the  blood  has  the 
red  colour  of  that  of  mammalia  and  birds ;  but  its  temperature  is 
little  if  at  all  higher  than  that  of  the  surrounding  medium.  In  the 
invertebrata  the  crystalline  or  but  slightly  tinted  chyle  which  cir- 
culates through  the  vessels  is  improperly  and  on  ground  of  analogy 
only,  called  blood.  Even  in  the  rare  instances  in  which  this  circu- 
lating fluid  has  a  deep  red  colour,  as  in  the  common  earthworm  and 

iog  are  a  few  of  Dr.  Dav/s  observations  on  this  subject,  fix)m  his  Researches, 
Physiological  and  Anatamicaly  vol.  i.  VIIL  and  XU. 


Name  of  AnimaL 

Temp,  of  Air. 

Temp,  of  Water. 

Temp,  of  Animal. 

Testudo  Mydas 

79.5 

84 

Common  male  Frog 

60 

60 

64 

Species  of  Coluber 

(at  Columbo) 

81.5 

88 

Shark 

71.5 

74.75 

77 

Bonito     rrhynnus 
Pelamys) 

78 

80.5 

99 

Common  Trout 

56 

58 

At  Columbo,  Dr.  Davy  found  the  temperature  of  a  large  black  squirrel  as  high 
as  106^,  that  of  a  monkey  104}^,  and  that  of  a  goat  104^.  The  temperature  of 
sheep  in  Scotland  varied  from  101°  to  104°,  at  the  Cape  of  Good  Hope  from  103°  to 
104°,  and  at  Ceylon  fix)m  104°  to  105°.  In  numerous  observations  at  Chatham, 
*^  On  the  temperature  of  sheep  in  winter  and  summer,"  the  same  physiologist 
observed  that  the  venous  blood  was  oflen  106°  and  the  arterial  107°  and  108°. 
In  London  he  found  the  temperature  of  a  common  thrush  109°;  and  that  of  a 
pigeon  108° ;  at  Ceylon  the  temperature  of  twenty-six  domestic  fowls  in  one 
court  varied  between  106°  and  111°. — Researches^  vol.  i.  pp.  182  et  seq.  and  213 
et  seq.     R.  W.] 

^"'^  Valentine  has  made  many  experiments  on  the  quantity  of  blood  con- 
tained in  the  bodies  of  animals;  vide  Repertor,  B.  III.,  1838.  p.  281.  In  dogs, 
from  which  the  most  certain  inferences  may  be  drawn,  he  found  that  the  weight  of 
blood  relatively  to  that  of  the  body  was  in  the  mean  as  1  is  to  4,50 ;  in  man  he 
estunates  the  ratio  to  be  nearly  as  1  is  to  4,25  ;  for  it  appears  from  his  experiments 
that  the  greater  the  weight  of  the  body  of  a  species  or  of  a  genus,  the  greater 
also  is  the  relative  quantity  of  blood.  Estimates  of  older  date  of  the  quantity  of 
the  blood  may  be  found  in  Haller,  Elementa  PhysioU^ue,  tom.  ii.  p.  1,  et  seq., 
and  in  Herbst,  Com.  hist,  critica,  SfC.  de  Sanguinis  qtuzniitate,  Grotting.  1822. 
The  majority  of  estimates  lie  between  15  and  30  pounds ;  some  few,  however, 
speak  of  no  more  than  8  pounds ;  some,  on  the  contrary,  arc  in  favour  of  as 
niany  as  100  pounds  of  blood! 
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the  leech,  it  does  not  deserve  the  name  of  blood.  In  the  vertebrata 
the  blood  is  inclosed  in  tubular  and  closed  but  mutually  communi- 
cating canals,  in  which  and  by  means  of  which  it  is  conveyed  to  all 
parts  of  the  body.  Two  principal  kinds  of  blood  are  distinguished: 
arterial  blood,  which  has  a  brighter  colour ;  which,  received  by 
the  heart  from  the  organs  of  respiration,  is  sent  to  the  extreme 
peripheral  parts  of  the  body  through  the  arteries;  and  venous  blood, 
which  is  of  a  deeper  or  blacker  hue,  and  from  the  periphery  of  the 
body  flows  back  through  the  veins  to  .the  heart,  from  whence  it  is 
conveyed  to  the  respiratory  system,  again  to  be  changed  into  arterial 
blood  and  fitted  for  re-transmission  by  the  arteries  to  all  parts  of 
the  body.  In  the  mechanical  arrangement  of  its  constituents, 
as  also  in  its  physical  and  chemical,  and  in  its  living  properties, 
the  blood  exhibits  highly  complex  relations,  as  the  following  analy- 
tical mode  of  regarding  it  will  make  apparent. 

§  90.  Microscopic  Analysis  of  the  Blood.     The  Blood- Corpusclet, 

The  microscopic  study  of  the  blood,  which  ought  to  precede 
analysis  of  every  other  kind,  and  without  which  those  that  are  phy- 
sical and  chemical  in  their  nature  have  no  sure  foundation,  has 
occupied  the  attention  of  a  host  of  the  older  as  well  as  of  the  later 
observers ;  there  is  perhaps  no  limited  portion  in  the  whole  domain 
of  physiology  that  is  the  subject  of  such  numerous  and  minute  ob- 
servations as  the  blood.  In  examining  the  blood  microscopicallyi 
many  precautions  are  indispensable,  no  other  organic  fluid  being  so 
readily  altered  by  external  agencies.  The  blood  that  is  examined, 
for  instance,  must  be  quite  recent,  and  is  best  obtained  from  a  punc- 
ture or  scratch  of  the  skin,  and  diluted  with  a  small  quantity  of 
albumen  or  serum ;  the  fresh-drawn  whipt  blood  of  a  venesection 
may  also  be  used  with  propriety.  A  magnifying  power  of  tcotn 
three  to  four  hundred  is  necessary  to  obtain  good  views. 

If  no  change  has  taken  place  in  the  minute  drop  of  blood  ex- 
amined, it  is  found  to  consist  almost  entirely  of  a  multitude  of  small 
rounded  bodies,  the  blood-corpuscles,  or  blood-discs  ^'^,  swimming 

i''6  Malpighi  was  the  original  discoverer  of  the  blood-discs ;  Leeawenboeck 
described  them  more  particularly,  and  named  those  of  the  human  subject  ^2t>^ 
sanguinis;  those  of  other  vertebrate  animals  he  spoke  of  under  the  title  ot 
pariieida  sanguinis,  Fontana  mentions  them  generally  as  the  parUculm  sangwsit ; 
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in  a  comparatively  small  quantity  of  limpid  and  colourless,  or 
slightly  yellowish  coloured  fluid,  the  liquor  sanguinis  or  plasma. 
This  fluid  is  seen  forming  a  narrow  border  about  the  drop  of  blood ; 
alcohol  added  to  the  drop  precipitates  the  albumen  contained  in  it 
in  the  shape  of  a  granular  matter,  intermingled  with  the  blood- 
globules,  and  so  renders  its  existence  also  microscopically  apparent. 
In  the  recent  state  the  plasma  or  liquor  sanguinis  is  a  perfectly 
homogeneous  fluid.  The  blood-globules  in  man  appear  distinctly 
discoidal  (Fig*  CXL,  A.),  and  vary  between  the  300th  and  the  400th 
of  a  line  in  diameter ;  they  are  rarely  seen  either  larger  or  smaller. 
That  they  are  flat  disc-like  bodies  is  discovered  by  examining  them 
on  different  sides.  At  the  beginning  of  an  observation,  before  the 
drop  has  spread  itself  abroad  completely  and  the  globules  have 
come  to  rest,  or  at  any  time  when  the  port-object  is  inclined  a 
little  one  way  or  another,  numbers  of  them  are  always  seen  on 
their  edges  (A.  ft.},  when  they  appear  as  long  shaped  bodies  bound- 
ed by  two  parallel  lines.  They  are  also  seen  falling  or  rolling  over 
(*),  and  with  every  thing  at  rest  finally  sinking  down  upon  their 
flat  sides,  (a}.  The  blood-discs  are  severally  so  pale  in  colour  and 
so  transparent,  that  when  one  lies  over  another,  the  undermost  is 

Hewson,  Rudolphi,  and  Schultz  style  them  blood-vesicles — vesicula  sangubds ; 
Doellinger  preferred  the  name  blood-granules — -gramda  sanguinUy  and  Mttller 
that  of  blood-corpuscles — corpuscula  satigidnis,  and  this  last  is  probably  that 
which,  under  all  the  circumstances,  is  the  most  universally  applicable,  and  there- 
fore the  beat. 


Fig.  CXL. 

Fig.  CXL.-~61obule8  of  the  blood 

(SsJOI^  ^^  of  the  human  subject,  the  blood  hav- 

Mj  ^i  afidflb         ,tfx   ^^  ^i^^^  drawn  firom  a  vein  and  beat- 

A  oj^       &  ^r  ^^^  en  to  separate  the  fibrine.  A,  Blood 

'B^         ^  B  C     globules,  seen,  a,  on  the  flat  aspect ; 

6,  standing  on  the  edge ;  *,  three- 
quarter  view.  B,  A  congeries  of 
blood-globules,  with  their  flat  surfaces  in  opposition,  and  forming  columns  such 
as  are  made  by  a  number  of  coins  laid  one  upon  another.  C,  A  blood-globule  in 
process  of  alteration,  such  as  simple  exposure  to  the  air  will  produce.  D,  A 
lymph-globule,  mingled  with  the  proper  blood-globules. 

N.B.    The  subjects  of  this  and  the  succeeding  figures  of  blood-discs  fix>m  the 
Iwnes  PhyskibgioB^  are  all  magnified  to  the  same  extent,  viz.  about  900  diameters. 


234  MICROSCOPIC  ANALYSIS   OF   TUB   BLOOD. 

seen  distinctly  shining  through  the  uppermost  (a  inferiorly).  If 
quite  normal,  a  delicate  semicircular  shadow  upon  the  flat  surface 
gives  the  observer  the  idea  that  the  blood-discs  are  very  slightly 
hollowed  out  or  sunk  in  the  manner  of  a  concave  lens.  In  a  short 
time,  sometimes  after  the  lapse  of  a  few  seconds  only,  particularly 
when  the  diluting  medium  has  not  been  well  selected,  though  it 
also  happens  from  the  action  of  the  air,  the  blood-discs  begin  to 
suffer  change ;  they  appear  puckered  and  uneven,  they  acquire 
notched  edges  and  are  stellated,  they  seem  to  be  made  up  of  very 
minute  globules,  or  they  look  like  mulberries  or  raspberries  (C). 
The  blood-discs  seem  to  have  a  natural  tendency  to  approximate 
by  their  flat  surfaces,  and  go  to  form  columns  such  as  are  produced 
by  pieces  of  money  piled  one  upon  another  (B.)  *''^ 

§  91.  It  is  a  matter  of  interest  to  compare  the  blood-corpuscles 
of  the  lower  animals  with  those  of  man.  In  the  mammalia  they 
are  in  all  essential  respects  the  same  as  in  man,  round  and  discoi- 
dal;  for  the  most  part,  however,  particularly  among  the  rumi- 
nants, decidedly  smaller  (fig.  CXLI.) ;  in  the  monkeys,  again,  they 
are  very  nearly  of  the  same  size.  ^^^    In  birds,  on  the  other  hand, 

"'  On  this  point  see  my  Contributiotu  to  the  Physiology  of  the  Blood,  (Beiirdge 
zur  vergleichenden  Physiologie  des  Blutes,  Heft.  ii.  S.  6.)  I  have  ohserved  these 
columns  to  be  formed  with  great  constancy  in  the  switched  blood  of  indindualB 
bled  on  account  of  mflamniation ;  they  also  occur,  however,  in  the  blood  of 
persons  in  perfect  health.  See  farther  Ascherson's  observations  in  MuUer's 
Archiv,  1837,  S.  458.  He  imagines  that  there  is  always  some  fibrine  left  in  the 
most  carefully  whipt  blood,  which  serves  as  the  bond  between  the  blood-corpuscles. 
The  literature  of  the  blood-corpuscles,  and  the  various  methods  that  have  been 
employed  to  observe  them,  to  measure  them,  &c.,  may  be  found  in  Weber  s 
edition  of  Hildebrandt*s  Anatomies  B.  i.,  S.  146. 

^"^  The  blood-corpuscles  of  the  Monkeys  are  in  no  wise  to  be  distinguished  from 
those  of  man.  In  different  human  subjects, — ^men,  women,  children,  negroes,  I 
could  perceive  no  difference.  ["  The  monkeys  both  of  the  old  and  new  continent 
have  corpuscles  differing  but  little  from  those  of  man,"  says  Mr.  Gulliver,  vide  his 
interesting  *'  Observations  on  the  Uood^corpuscles  of  mammiferous  animdU^'  in 
Appendix  to  €ierber's  OeneraL  Anatomy,  Land.  1842.  In  the  marsupial  anioials 
it  is  interesting  to  know  that  the  blood-corpuscles  are  nearly  allied  in  form  and 
size  to  those  of  the  corresponding  placental  Mammalia  as  first  noticed  by  Mr. 
GulUver.  (Vide  Dvblin  Med.  Press,  Nov.  1839,  and  Land  and  Edinb.  PhUm, 
Mag,  Dec.  1839.)  In  the  article  Massupiaua,  Cyclop,  of  Anat.  and  Physiolog. 
Nov.  1841,  Mr.  Owen  refers  to  a  paper  of  his  in  connexion  with  this  point,  in 
which,  however,  there  must  be  a  mistake,  as  I  do  not  find  the  name  of  any  mar* 
supial  animal  mentioned.    R.  W.] 
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Ae  blood-corpuscles  are  very  different^  haying  an  elongated  oval 
shape  (fig.  CXLII.  a),  and  their  broad  sides  instead  of  being  de- 
pressed are  vaulted  or  raised  (6) ;  they  are  on  an  average  from  yirth 
to  rhr^  of  aline  in  length  and  about  half  as  broad.  ^'^  It  is  among 
Amphibia  that  we  meet  with  the  largest  blood-corpuscles  ;  they  are 

^"^  It  is  very  remarkable  that  in  Birds,  a  class  of  animals  so  similarly  organized, 
the  blood-corpuscles  should  appear  to  present  no  differences  either  in  respect  of 
form  or  size  in  the  several  orders.  [That  this  statement  is  too  general  has  been 
proved  by  Mr.  GuUiver'd  very  curious  and  minute  observations.  He  found  that 
the  size  of  the  blood-corpuscles  in  birds  generally  bore  even  a  closer  relation  to 
speciea  than  in  mammals.  In  the  Condor  Vulture,  for  example,  the  mean  long  di- 
ameter of  the  blood-discs  was  ttVt^^i  the  mean  short  diameter  ^V^rynd  of  an  E. 
inch ;  some  of  the  discs  measuring  as  much  as  T^7^h  of  an  £.  inch  in  length,  and 
T^^th  in  breadth.  In  the  common  wren,  on  the  contrary,  the  mean  long  diameter 
of  the  blood-discs  did  not  exceed  ^^i,  th  of  an  £.  in.  and  their  mean  short  diameter 
T^V^rd  of  the  same  scale.  It  may  also  be  stated  here,  after  the  same  writer's 
researches,  that  in  mammals  the  blood-corpuscles  differ  remarkably  in  size,  even 
in  nearly  allied  families  of  the  same  order.  There  is  a  wide  difference,  for  in- 
stance, between  the  discs  of  the  smallest  and  largest  ruminants ;  and  the  Canidse 
have  much  larger  discs  than  the  Viverridae.  In  the  same  way,  the  snowy  owl,  as 
well  as  some  other  birds,  and  even  reptiles,  have  longer  and  narrower  corpuscles 
than  their  congeners. — (Gerber's  AruU,  Appendix.)  R.  W.] 


FiQ.  CXLL 


© 

ft>    r  ©  Fio.   CXLL — Blood-globules  of  the  common  goat, 

O          O  (Capra  domestica.) 

c 


Fio.  CXLII. 


Fig.  CXLIL— a.  Blood  and  lymph 
globules  of  the  pigeon,  (Columba  do- 
mestica).   B,  A  blood-globule,  treat- 
^         ^.-^     ed  with  diluted  acetic  acid :  C,  with 
^  C     water,  by  which  the  central  nucleus 

becomes  visible. 
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here,  as  in  birds,  oval-shaped,  but  relatively  ■omewhat  broader,  and 
their  surface  is  rather  depressed  than  vaulted.  They  are  particu-- 
larly  large  in  the  naked  amphibia ;  in  the  Froteiu,  for  example,  they 
are  from  ^th  to  ^ib  of  a  hne  in  the  long  diameter,  and  are  even 
distinguishable  as  little  points  by  the  naked  eye  (%.  CXLIII.  a,  b) ; 
they  are  consequently  from  eight  to  ten  times  larger  here  than  in 
man."°  After  the  Proteus  we  observe  the  largest blood-corposclesin 
the  land  salamanders,  where  they  measure  in  the  long  diameter  from 
the  -jTsih  to  the  ^th  of  a  line.  In  the  water  salamanders  they  are 
still  very  large — from  the  -^th  to  the  i^th  of  a  line  in  length  (fig. 
CXLIV.} ;  in  the  frog  and  toad  they  are  from  the  ^th  to  the  ri^th  of 

""  [In  the  Siren,  Mr.  Gulliver  found  the  average  length  of  the  discs  j^jth,  lod 
the  breadth  i^th  of  an  £.  bch ;  the  nuclei  were  tV^rnd  of  ao  £.  inch  long,  utd 
r^th  of  an  E.  inch  broad.     Oerber'i  Amit.  App.  p.  52.     B.  W.] 

It  is  particularly  remarkable  that  the  blood-corpuecles  of  amphibia  present  dif- 
ferences in  relation  with  the  general  soological  position  of  the  several  orders ;  ihe 
seal;  amphibia,  lizarda,  serpents,  and  tortoises,  are  distinguished  verj  remarkibl; 
in  their  general  organisation  and  mode  of  development  from  the  naked  amphibia, 
which,  like  the  several  &milies  and  species  of  the  entire  order,  present  great 
differences  in  their  structure  st  large,  and  also  in  the  sizes  of  their  blood-cor- 


Fig.  CXLni.— Hood- 
globules  of  the  Proleiu 
anguineus.  Intheglobule 
a'  the  nucleus  is  seen, 
and  in  the  globule  d, 
which  has  been  treated 
with  water,  it  is  still  noR 
apparent ;  e.  Is  a  Ijinpb- 
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a  line  in  length  (fig.  CXLY .)  In  the  lizards,  serpents,  and  tortoises, 
they  are  throughout  smaller,  though  still  measuring  from  the  rirQcl 
to  the  jiryth  of  a  line  in  length  ^*^ 

^^^  See  my  ContnhtUions,  &c.  (BeitrMge,  &c.  i.  aod  ii.)  A  remarkable  exception, 
if  the  observation  be  confirmed^  occurs  in  the  blood-corpuscles  of  the  camel 
which  Mandl  has  described  and  figured  (Anat,  Micros,  pi.  ii.  fig.  4)  as  of  an 
oval  figure. 

[Dr.  Mandl's  observations  have  been  amply  confirmed  and  extended  by  Mr. 
GuUiver  (Med.  Chir,  Trmu,  v.  23,  p.  23)  ;  the  mean  long  diameter  of  the  blood- 
corpuscle  of  the  dromedary  he  found  to  be  the  ^^^th  of  an  £.  inch ;  and 
the  mean  short  diameter  the  y^VT^t  of  the  same  standard.  In  the  Paco  (Auchenia 
paco)  and  Guanaco  (Auchenia  glama)  the  blood-corpuscles  scarcely  differed 
in  form  and  size  &om  those  of  the  Dromedary ;  but  in  the  Vicugna  they  were 
alightly  smaller,  their  average  long  and  short  diameter  being  respectively  y^^^th 
and  T^T^th  of  an  E.  inch.  In  structiu'e  and  magnitude,  however,  these  oval 
blood-corpuscles  of  the  Camelidae  belong  entirely  to  the  mammiferous  type ;  they 
have  no  nuclei  like  those  of  birds,  and  the  discs  are  not  much  more  than  half  the 
size  of  even  the  smallest  that  have  been  observed  either  in  birds  or  reptiles. 
The  blood-corpuscles  of  Mammals,  it  is  also  to  be  imderstood,  difier  widely  in 
many  instances  from  those  of  man  in  point  of  magnitude.    The  average  diameter 


Fig.  CXLIV. 
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Fig.  CXLIV.— Blood  and  lymph- 
globules  of  the  great  water-newt  (Tri- 
ton cristatus).  a,  &,  Blood-globules, 
a*  A  blood-globule  with  excentric 
nucleus;  c,  lymph-granules,  d,  e, 
blood-globules  in  progress  of  de- 
velopment ;  they  are  surrounded  with 
delicate  involucra.  Globules  of  this 
description  are  found  abundantly  in 
the  blood  of  well-fed  animals  gene- 
rally. 


Fig.  C^XLV. 


A.  a,  a,  a,  h,  Blood-globules  of  the 
edible  fit>g  (Bana  esculenta ;)  c,  lymph- 
granule.  B,  Blood-globules  after  the 
action  of  acetic  acid. 


s 
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In  the  majority  of  fishes,  and  particularly  in  all  the  bony  fishes,  the 
blood-corpuscles  are  of  a  rounded  oval  (fig.  CXLVI),  not  much  longer 
than  broad,  flattened,  and  from  the  jj^yth  to  the  j^^th  of  a  line  in 
the  long  diameter ;  in  the  skates  and  sharks,  again,  they  are  notably 
larger,  and  very  similar  to  those  of  the  frog ;  they  are  as  much  as 
from  the  -^th  to  the  -p^th  of  a  line  in  the  long  axis.  It  is  remark- 
able that  in  the  Cyclostomes  they  greatly  resemble  those  of  man, 
being  rounded,  discoidal,  vaulted,  slightly  biconcave  (fig.  CXLVII. 
a,  6),  and  measuring  y^th  of  a  line  in  diameter.  They  are,  there- 
fore, only  somewhat  larger  than  in  man^®*. 

In  the  invertebral  series  of  animals  they  are  generally  irregular, 
granular,  rounded  corpuscles  ^^. 

of  those  of  inan,  according  to  Mr.  Gulliver,  is  the  i-sWth  of  an  £.  inch;  but 
the  average  diameter  of  those  of  the  elephant,  according  to  the  same  observer, 
is  as  much  as  the  ^i^Vsths  of  an  £.  inch,  which  were  the  largest  he  observed 
among  the  mammalia.  The  corpuscles  of  the  Napu  Musk  Deer,  (Moschus  Java- 
nicus,  Pallas)  on  the  contrary,  were  no  more  than  the  TvirTth  of  an  £.  inch,  some  of 
the  corpuscles  being  actually  so  small  as  the  Tvi^njth  of  an  £.  inch  in  diameter. 
From  a  comparison  of  the  blood-corpuscles  of  animals  of  different  orders,  it  has 
hitherto  been  supposed  that  there  is  no  relation  between  the  size  of  the  animal  and 
that  of  the  corpuscles ;  but  Mr.  Gulliver  has  shown  that  the  larger  species  of  the 
same  family  of  birds  and  mammals  have  generally  larger  blood-corpuscles  than  the 
smaller  species.  See  Crerber's  Oeneral  Anatomy^  App.  p.  4,  42  and  44.  R.  W.] 

^^'  In  fishes  the  same  law  still  obtains :  the  form  and  size  of  the  blood- 
corpuscles  are  in  relation  to  differences  in  the  rest  of  the  organization. 

183  Figures  of  the  blood-corpuscles  of  Invertebrata  wiU  be  found  in  my  Caniribu' 
thru  (H.  i.  fig.  8, 9, 10, 1 1  and  12),  in  Mandl's  Anat.  Micros,  i.  ii.  and  in  £hrenberg, 
On  the  Structure  of  the  Organ  of  the  Soul  (Ueber  die  Struktur  des  Seelen-Organs, 
Tab.  vii.  Berl.  1836.) 

Fig.  CXLVI. 

Fig.  CXLVI.— Blood  and  lymph-globules  of  the 
loach,   (Cobitis  fossilis)  ;  a,  a,  6,  perfect  blood- 
^A^V^I/       globules ;  </,  blood-globule  altered  by  the  action  of 
C^BB^^  water,  and  showing  its  nucleus;    c,  lymph-gra- 


WA  ,>X         nules. 


Fig.  CXLVII. 


Fig.  CXLVII.— Blood-globules  of  the  Ammocetes 
branchialis  '^  a^cL^h^  perfect  blood-globules ;  c,  lymph- 
globule.  The  blood-globules  are  exactly  similar  in 
the  lamprey,  (Petromyzon),  and  unlike  those  of  all 
other  fishes,  whether  cartilaginous  or  bony. 
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§  92,  For  the  study  of  the  structure^  vital  properties,  and  chemi- 
cal constitution  of  the  blood-corpuscles,  it  is  advisable  to  begin  with 
those  of  the  frog  or  water-newt,  which  are  almost  everywhere  to  be 
had  easily  and  at  all  times.  The  blood-corpuscles  of  man  and  the 
mammalia  are  too  small  to  be  well  adapted  to  such  inquiries.  In 
the  blood-corpuscles  of  the  frog  (fig.  CXLV.  A.  a,  6},  particular- 
ly when  the  blood  is  not  quite  fresh,  a  central  oval  spot  is  perceived, 
which  looks  like  an  included  nucleus  (6).  If  a  very  small  quan- 
tity of  water,  or  better  of  vinegar  or  acetic  acid,  be  added  to  the  drop 
of  blood  under  examination,  this  nucleus  is  seen  to  become  disen- 
gaged and  to  present  itself  as  a  well-defined,  dark,  elongated  and 
somewhat  puckered  body  (B),  which  occasionally  also  appears 
excentric  (fig.  CXLIV.  a*).  The  other  portion  of  the  blood-cor^ 
puscle  has  meantime  become  much  paler  (fig.  CXLV.  B).  In  this 
way,  we  discover  that  the  blood-corpuscle  [of  the  frog]  resolves 
itself  distinctly  into  a  kernel, — nucleus,  and  a  cyst  or  envelope, — 
legumen,  and  consequently  has  the  perfect  constitution  of  a  cell,  as 
this  elementary  structure  presents  itself  to  us,  forming  the  basis  of  al- 
most all  the  solid  parts  of  animal  and  vegetable  tissues.  Whether 
or  not  the  two  elements  now  indicated  co-exist  in  the  living  blood, — 
in  the  blood  included  within  the  vessels  of  a  living  animal,  it  is  diffi- 
cult to  determine.  It  is  true  that  we  do  sometimes  see  the  nuclei 
of  corpuscles  which  are  still  circulating  through  the  vessels  of  trans- 
parent parts  ;  but  as  a  general  rule  this  is  not  the  case,  or  if  we  think 
that  we  perceive  them  it  is  very  indistinctly  (vide  figs  to  §  121 
et  seq.)  In  man  and  the  mammalia,  we  occasionally  also  succeed  in 
bringing  into  view  a  very  small  nucleus  by  the  treatment  indicated  ; 
but  this  is  never  so  constant,  and  frequently  nothing  of  the  kind  can 
be  seen ;  it  is,  therefore,  very  doubtful  whether  the  blood-corpuscles 
of  man  and  the  mammalia  have  any  central  part  corresponding  to 
the  nucleus  of  those  of  amphibia  ^^^. 

^**  The  existence  of  a  nucleus  in  the  human  blood-corpuscle,  which  at  a 
former  period  seemed  to  me  probable,  has  lately  again  become  doubtful.  Miiller, 
Krause,  and  others  admit  nuclei.  The  latter  says,  '^  The  granules  that  remain 
after  blood  has  been  treated  for  a  couple  of  days  with  distilled  water  (nuclei  of 
the  blood-granules),  are  T^tr?^!^  ^^  ^  ^^^  ^  diameter,  but  are  much  more  difficult 
to  be  seen  than  many  other  parts  of  far  smaller  dimensions,  fix>m  refi*acting  trans- 
mitted light  but  very  slightly  (Miiller's  Archiv,  1837.  S.  4.) 

[The  most  careful  English  observers  seem  agreed  that  in  the  blood-corpuscles 
of  man  and  the  mammalia,  there  is  no  central  nucleus  resembling  that  of  birds, 
reptiles,  and  fishes,  where  it  is  always  very  distinct,  its  existence  being  demon- 
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§  93.  Common  soft  or  distilled  water  reacts  powerfully  upon  the 
blood-corpuscles.     If  we  add  a  little  distilled  water  to  a  parcel  of 

Mroted  with  the  greatest  ease.  The  particles  that  remain  after  buman  blood  baa 
been  treated  with  distilled  water,  are  the  blood- corpuBcles  themaelTea,  somewhat 
reduced  in  size,  from  hariog  lost  all  their  colouring  matter,  and  haring  no  resem* 
blancc,  even  wheD  made  more  distinct  b;  corrosive  subUmate,  to  the  nuclei  of  the 
corpuscles  of  the  lower  vertebrate  animals.  As  to  the  minute  granules  seen  b; 
Krause,  it  should  be  recollected  that  particles  of  similar  sise  are  contained  in 
the  blood,  and  that  the;  are  abundant  in  various  animal  fluids.  See  Gerber't 
Anatomi/,  App.  pp.  23.  94.  and  103.     R.  W.] 

[By  the  action  of  water  or  acetic  acid,  the  nuclei  of  the  blood-corpuscles  of  the 
oviparous  vertebrata  are  instantly  exposed  in  the  clearest  manner,  thick,  oval, 
or  spherica! ;  and,  as  ia  usual  with  nuclei  of  cells,  very  much  smaller  than  their 
envelopes.  The  nuclei  of  the  corpuscles  of  birds  and  reptiles  may  also  be  shown 
very  easily  merely  by  breathing  slightly  on  some  blood  dried  on  glass,  which  can 


Fig.  CXLVin. 


FiQ,  CXLVIII.  A  In  the  upper  half  of  the 
engraving  are  shown  the  membranons  bases  of 
the  human  blood-discs,  forming  a  great  part  of 
the  colourless  residue  after  repeated  ablutiona 
of  the  corpuscles  with  water.  In  the  lower 
part  of  the  figure  are  seen  five  «itire  corpusclea 
as  they  appeared  before  washing. 


B  Blood-corpuscles  of  the  foetal  kitten 
mentioned  above.  In  the  upper  part  of  the 
figure,  are  a  few  cotpuscles  no  larger  than  tboae 
of  the  mother ;  to  the  left  are  three  naked  nuclei, 
and  to  the  right  is  one  larger  colourless  globule. 
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the  blood-corpuscles  of  a  frog,  contained  in  a  watch-glasSi  they 
may  be  seen  under  the  microscope  to  swell  up,  and  rapidly  to  be- 

be  again  quickly  dried  and  preserved  for  future  demonstration.  Now  when  the 
blood  of  a  mammal  is  treated  by  any  of  the  means  just  mentioned,  no  disclosure 
whatever  of  similar  nuclei  results.  But  it  has  long  been  known  that,  though 
the  colouring  matter  is  removed  by  water  or  acids,  the  human  blood-corpuscle 
is  not  dissolved  by  these  reagents.  Schultz,  in  particular,  adduces  experiments 
conclusive  in  this  respect,  and  Dr.  Hodgkin  and  Mr.  Lister  allude  generally  to 
the  same  fiict  as  regards  the  action  of  water.  After  the  colouring  matter  has 
been  entirely  removed  by  water,  the  base  of  the  disc  remains ;  it  is  flat,  pellucid, 
almost  as  large  as  the  entire  corpuscle,  and  with  a  refracting  power  so  like  that 
of  water  as  often  to  require  the  addition  of  corrosive  sublimate  to  render  the 
object  distinct.  In  some  human  blood -discs  which,  before  washing  with  water, 
had  an  arerage  diameter  of  T^^th  of  an  £.  inch,  I  found  the  remaining  mem- 
branous bases  tiW^  of  an  inch  (see  PhiL  Mag,  Feb.  1840,  p.  106^7),  and  this 
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C  The  same  corpuscles  treated  with  acid. 
Numerous  pale  spherical  nuclei  are  shown 
detached,  and  others  are  still  surrounded  by 
&int  envelopes.  Some  of  the  nuclei  appear  to 
contain  nucleoli. 


D  Outlines  of  blood  corpuscles  from  the 
maternal  part  of  the  placenta  and  fit>m  the 
vena  cava  of  the  cat,  from  which  the  foetus 
spoken  of  above  was  taken.  In  the  upper  part 
of  the  figure  are  shown  the  discs  from  the 
placenta,  which  in  this  instance  are  rather 
smaller  than  those  depicted  in  the  lower  half 
of  the  figure  from  the  vena  cava.  The  blood- 
corpuscles  in  the  vessels  going  from  the  pla- 
centa to  the  umbilical  cord,  were  like  the  cor- 
puscles from  the  foetus  shown  in  B. 

The  objects  in  the  four  circles,  comprised 
under  this  figure,  are  all  magnified  about  840 
diameters.  G.  G. 
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come  round  and  globular.  If  the  glass  with  its  contents  be  placed 
carefully  in  the  midst  of  a  large  quantity  of  water,  and  be  exam- 
ined after  it  has  stood  for  twenty-four  hours  or  more  in  cool  weather, 
the  colouring  matter  will  be  found  to  have  been  completely  dis- 
solved out.  In  the  glass  itself,  we  find  a  white  precipitate,  which, 
under  the  microscope,  appears  to  be  entirely  composed  of  the 
nuclei  of  the  blood-corpuscles;  these  are  therefore  insoluble  in 
water  and  now  appear  colourless.  "With  a  good  light,  however,  the 
colourless  capsules  or  envelopes  of  the  corpuscles  can  still  be  dis- 
agrees very  nearly  with  the  observations  of  Sir  £.  Home,  who  represents  twenty- 
five  of  the  corpuscles  without  colouring  matter  as  occupying  the  same  space  as 
sixteen  of  the  perfect  corpuscles  (Phil.  Tram.  1818,  p.  194 — 5.  pi.  8.  figs.  1,  2, 
and  3.)  If  this  central  membranous  base  be  called  a  nucleus,  of  course  the 
blood-discs  of  mammals  must  be  said  to  contain  one ;  but  then  it  must  be  added 
that  this  so-called  nucleus  has  no  resemblance  to  that  of  birds,  reptiles,  or  fishes, 
either  absolutely  or  relatively  to  the  entire  corpuscle. 

But  in  the  earliest  period  of  the  formation  of  the  corpuscles  in  the  mammiferous 
embryo,  although  they  are  circular  in  figure,  yet  in  structure  and  size  they  complete- 
ly resemble  those  of  the  lower  animals ;  as  would  appear  from  the  following  obser- 
vations. In  foetal  kittens,  about  half  an  inch  long,  I  found  the  corpuscles  Y&ry 
variable  in  size,  the  majority  of  them  TiVyid  of  an  £.  inch  in  diameter,  or  about 
twice  as  large  as  those  of  the  mother.  These  large  foetal  corpuscles  had  a  lenticular 
appearance,  by  no  means  biconcave ;  they  were  of  a  deep  red  colour,  but  more 
transparent  than  in  the  adult,  and  nuclei  could  be  distinguished  in  the  centre  of 
some,  and  towards  the  edges  of  others.  A  little  dilute  acid  immediately  rendered 
these  nuclei  perfectly  distinct,  so  that  they  were  seen  to  be  globular,  finely  granu- 
lated, pallid,  and  about  T^^th  of  an  £.  inch  in  diameter ;  a  few  of  them  ex- 
hibited an  appearance  of  nucleoli^  and  the  nuclei  were  altogether  much  like  lymph- 
globules.  It  is  probable  that  the  nucleus  of  the  blood-corpuscle  of  the  mam- 
miferous embryo  is  the^  true  analogue  of  the  nucleus  of  the  blood-corpuscle  of 
the  oviparous  vertebrate  animal ;  but  in  the  latter  the  nucleus  is  permanent, 
while  in  the  former  it  disappears  at  an  early  period  of  intra-uterine  life. 

In  some  birds,  as  the  common  fowl,  the  length  of  the  nucleus  of  the  blood- 
corpuscle  is  not  much  greater  than  its  breadth ;  but  in  most  birds  the  nucleus 
is  a  more  elongated  ellipse  than  the  envelope.  Assuming  the  breadth  of  the 
nucleus  as  1,  its  length  would  be  from  2|  to  3,  while  the  long  diameter  of  the 
envelope  would  scarcely  be  twice  its  short  diameter.  In  many  fishes,  on  the  other 
hand,  the  nuclei  of  the  corpuscles  are  but  slightly  oval,  often  nearly  or  completely 
circular,  as  indeed  are  the  envelopes.  The  envelopes  of  the  blood-corpuscles 
in  fishes  are  prone  to  change  much  more  quickly  than  the  same  parts  in  birds 
and  reptiles.  In  many  fishes,  so  fugitive  are  the  envelopes,  that  in  a  very  few 
hours  they  will  entirely  disappear,  so  that  when  a  drop  of  their  blood  is  subjected 
to  the  microscope,  nothing  but  a  congeries  of  the  little  nuclei  is  to  be  seen. 
These  facts  may  be  easily  observed  in  the  blood  of  the  common  tench.    G.  G.] 
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covered ;  they  are  not  actually  dissolved,  but  with  care  may  be 
seen  still  surrounding  the  nuclei  like  rims  or  frames  at  a  litt'e  dis- 
tance,  and  only  rather  smaller  than  they  were  at  first.  The  same 
appearance  may  be  produced  in  a  much  shorter  time  by  the  agency 
o£  vinegar  or  dilute  acetic  acid  ;  but  then  the  nuclei  appear  of  a  pale 
red  colour.  If  to  the  corpuscles  in  this  state  a  little  strong  tincture 
of  iodine  be  added^  the  envelopes  immediately  appear  quite  dis- 
tinctly and  of  an  intense  brownish  yellow  hue  ^^^.  The  nuclei 
are  neither  soluble  in  water  nor  in  acids ;  but  readily  so  in  al- 
kalis *^. 

From  these  particulars  it  appears  that  the  colouring  matter  of 
the  blood  is  principally  contained  in  the  capsules  of  the  corpuscles ; 
that  these  capsules  are  extremely  delicate  membraniform  struc- 
tures, which  are  impregnated  with  the  colouring  matter,  and  are 
thereby  rendered  tumid,  and  that  the  nuclei  have  a  structure  and 
chemical  qualities  different  from  the  capsules  ^^''. 

§  94.  The  capsule  of  the  blood-corpuscle  is  highly  elastic ;  the 
large  blood-corpuscles  of  the  frog,  and  still  more  readily  those  of 
the  water-newt,  can  be  pressed  flat  and  extended  on  all  sides 
between  the  nicely  polished  glass  plates  of  the  compressor,  but  on 
the  pressure  being  removed,  they  immediately  return  to  their 
pristine  form  and  size. 

^**  This  interesting  fact  was  first  observed  by  Schultz,  loc.  cit.  p.  18.  Other 
reagents  were  tried  by  MoUer  (Phynology),,  and  by  Schultz,  but  they  led  to  no 
conclusions  di^rent  from  those  stated. 

[Mr.  Gulliver  prefers  a  strong  solution  of  corrosive  suUimate  to  any  other  re- 
agent. It  is  very  powerful  in  bringing  into  view  all  the  parts  of  the  blood-cor- 
puscles which  have  become  transparent  under  the  action  of  water,  either  by  ren- 
dering them  opaque,  or  by  altering  the  refracting  power  of  the  surrounding  me- 
dium. R.  W.] 

^^  TTie  blood  of  fix)gs  is  best  obtained  by  collecting  it  from  the  heart  of  one 
or  more  of  these  animals  in  a  narrow  test  glass.  The  fluid  is  then  to  be  stirred 
ynth  a  fine  glass  rod,  by  which  the  fibrine  will  be  coagulated  and  made  to  &11  in 
flocks,  or  to  attach  itsdf  to  the  rod  in  the  form  of  a  membrane.  The  blood- 
corpuscles  soon  sink  to  the  bottom  through  the  serum,  which  then  presents  itself 
as  a  jellowiBh  fluid.  The  blood  can  be  preserved  in  this  state  for  several  days 
in  cool  weather. 

^^  It  is  not  quite  determined  whether  the  colouring  matter  is  contained  in 
the  capsule  of  the  blood-corpuscle  only,  or  in  its  central  nucleus  (when  it  has 
one)  also,  this  being  itself  by  possibility  a  product  of  chemical  agency,  for  we 
have  no  means  but  those  indicated  of  exhibiting  it  isolatedly. 
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The  elasticity  of  the  blood-corpuscles  can  be  still  better  and 
more  strikingly  seen  by  putting  the  lung  of  a  frog  or  newt  into 
the  compressor.  As  the  screw  is  turned^  the  blood-corpuscles  are 
seen  flowing  through  the  capillaries  towards  the  side  of  least  pres- 
sure^  and  endeavouring  to  escape ;  here  they  are  observed  heaped 
together,  and  forced  into  all  manner  of  shapes,  some  of  them 
pointed,  others  pyriform,  others  fiddle-shaped,  and  these  different 
forms  assumed  by  each  in  succession  as  it  passes  along ;  as  soon  as  the 
pressure  is  taken  off,  however,  all  of  them  immediately  recover  their 
appropriate  shapes.  In  the  course  of  this  experiment,  the  blood- 
corpuscles  are  discovered  to  be  completely  smooth  on  their  exter- 
nal surface, — ^they  seem  to  glide  or  slip  over  one  another  without 
showing  the  slightest  disposition  to  cohere,  or  to  obstruct  each 
other.  When  the  blood-corpuscles  have  water  added  to  them,  the 
capsules  give  way  and  the  nuclei  float  about  at  liberty.  Sometimes, 
too,  the  capsules  appear  plicated  and  bent  in  ^^. 

§  95.  Lymph^orpuscles^ — the  second  form  of  solid  element  of  the 

blood. 

Besides  the  red  coloured  corpuscles  now  described, — the  proper 
blood-corpuscles, — there  are  other  colourless  corpuscles  contained 
in  variable  numbers,  but  always  in  relatively  small  proportion,  in 
the  blood  of  all  vertebrate  creatures,  man  among  the  number. 
These  corpuscles  in  Fishes,  Amphibia,  and  Birds,  are  readily  recog- 
nized from  their  smaller  size  and  their  peculiar  appearance.  They 
are  very  similar  in  all  the    lower  animals,  and  measure  from  the 

^^  This  peculiar  elasticity  of  the  blood-corpuscles  was  known  to  Leeuwenhoeck 
and  others,  his  contemporaries.  [It  is  displayed  without  the  aid  of  any  artificial 
means :  in  those  capillaries  of  the  web  of  the  fix)g*s  foot  through  which  the  blood- 
corpuscles  flow  in  single  files,  they  may  always  be  observed  assuming  such  variety 
of  shapes,  as  enables  them  to  accommodate  themselves  to  the  canal  they  are 
traversing,  and  to  their  mutual  pressure,  and  forthwith  resuming  their  charac- 
teristic forms  when  they  escape  into  vessels  of  larger  calibre.  Mr.  Gulliver  has 
given  a  figure  of  some  peculiar  forms,  chiefiy  stellated  and  crescentic,  which  the 
blood-discs  of  miwnmftlft,  especially  those  of  certain  deer,  occasionally  assume. 
Although  the  forms  in  question  may  not  be  permanent,  it  is  certain  that  they 
were  observed  a  few  minutes  after  the  blood  was  drawn,  and  that  they  remained 
with  their  singular  shapes  for  some  days.  See  PhU,  Mag,  for  Nov.  1S40, 
and  App.  to  Gerber*s  Anai.  p.  10  and  11.    R.  W.] 
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^th  to  the  f^th  of  a  line  in  diameter,  though  many  may  be  found 
that  fall  short  of  this  estimate,  and  others  that  exceed  it ;  they  are 
colourlessi  but  as  they  refract  the  light  strongly,  they  appear  with 
dark  contours ;  they  have  generally  a  rounded  figure,  though  some- 
times they  are  long  shaped  and  present  a  granular  appearance  (figs. 
CXLII.  etseq.  c)^®^.    These  corpuscles  are  more  difficult  of  discovery 
in  the  blood  of  man  and  the  mammalia,  and  indeed  are  apt  to  be  en- 
tirely overlooked ;  for  here  they  occur  not  only  as  large  as  the 
proper  blood-corpuscles,  but  often  larger  and  often  smaller  also 
than  these  ;•  still  their  granular  appearance,  their  peculiar  contour, 
and  the  irregular  shading  of  their  surface,  the  result  of  irregularity 
of  figure,  enable  us  with  a  little  attention  to  distinguish  them  here, 
(fig.  CXL.  D- ;   CL.  c)*^.    They  are  also  remarkably  distinguished 
from  the  true  blood-corpuscles  by  the  different  way  in  which  they  are 
affected  by  reagents.      They  are  not  attacked  by  water,  but  remain 
in  it  for  a  long  time  without  apparent  change ;  they  are  not  ren- 
dered transparent  and  dissolved  by  acetic  acid ;  they  only  become 
more  decidedly   granular   under  its   action,   and   a  kind  of  nu- 
cleus  is    developed    in    their    centre.      Caustic   alkalis    dissolve 
them  at  once.     They  are  always  found  most  plentifully  in  well- 
fed  animals;    in   such  as  have  fasted  for  a   long   time   they  are 
much  rarer  *^*.     As  these  bodies  are  in  all  respects  like  those  of  the 
lymph  and  chyle,  and  as  they  have  the  same  chemical  relations  as 

^^  They  are  of  different  sizes,  though  this  is  within  very  narrow  limits,  in  dif- 
ferent animals,  and  in  respect  of  size,  stand  in  relation  to  the  proper  blood-cor- 
puscles ;  they  are  consequently  largest  in  animals  that  have  the  largest  blood- 
corpuscles,  viz,  the  naked  amphibia  and  the  true  cartilaginous  fishes.  See  my 
Contributions^  &c.  ii.  p.  21. 

^^  It  is  very  necessary  to  guard  against  confounding  the  lymph -corpuscles  now 
described  with  the  altered  blood-corpuscles  already  indicated  and  depicted  in 
figure  CXL.  C,  with  which  the  representation  of  the  true  lymph-corpuscle,  D., 
may  be  compared.  The  difference  in  colour  and  in  the  whole  appearance  of  the 
two  kinds  of  corpuscle  will  with  the  slightest  attention  prevent  any  mistake.  In 
nature  the  dissimilarities  are  much  more  striking  than  they  appear  in  the 
figure. 

[**>  In  his  Contributions^  &c.  ii.  p.  22,  Dr.  Wagner  says :  "  the  number  of 
l3^inph-corpuscle8  was  always  found  remarkably  great  in  well  fed  frogs  just  caught 
in  the  summer  season ;  on  the  contrary  they  were  very  scanty  in  those  that  had 
been  kept  long  without  food  and  in  those  examined  during  the  winter.**  In  two 
series  of  experiments  undertaken  in  August  1836  and  February  1837,  the  follow- 
ing results  were  obtained : 

T 
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these,  they  have  very  naturally  been  regarded  by  many  observers 
as  the  corpuscles  of  the  lymph  mingled  with  the  blood,  and  desig- 
nated accordingly  h/mph-^orpuscles  ^^ ;  but  others  have  viewed 
them  as  globules  of  coagulated  fibrine  ^^,  and  yet  others,  as  blood- 
corpuscles  in  progress  of  solution  or  disintegration.  These  pecu- 
liar corpuscles  are  seen  in  the  capillary  system  of  living  animals 
swimming  amidst  the  proper  blood-discs,  but  more  constantly  apart 
as  it  were  from  the  great  stream,  and  moving  in  the  slower  current 
that  is  in  immediate  contact  with  the  parietes  of  the  vessels. 
They  are  not  elastic  like  the  blood-corpuscles,  and  seem  to  stick 
more  readily  to  one  another.  They  present  great  similarity  in  form 
and  chemical  relationships  to  the  blood-corpuscles  of  the  inverte- 

Experiments  of  August  1836. 

1 .  In  a  field  comprising  58  blood-discs,  there  were  found  9  lymph-corpuscles. 

2.  —  —    54  —  —  10        — 

3.  —  —     74  —  —  12        — 


186  31 

The  l^TTiph  were  to  the  blood-corpuscles  in  the  proportion  therefore  of  1  to 
6  exactly. 

Experiments  of  February  1837. 

1.  Among  28  blood-corpuscles,  there  were  2  lymph-corpuscles. 

2.  —  40  —  —  2  — 
£.  —  30  —  —  3  — 
4.-44               —              —               2  — 


142 


Here  consequently  the  lymph  were  to  the  blood-corpuscles  but  in  the  proportion 
of  1  to  15  Jths.  It  is  proper  to  observe  that  the  animals  which  were  the  subjects 
of  experiment  at  the  two  epochs,  were  not  the  same,  the  Bombinator  igneus 
(Rana  bambino,  Lin.)  having  been  examined  in  the  autumn,  and  either  the 
Bana  tempo'raria  or  the  Rana  esculenta,  in  the  early  spring.    R.  W.] 

^^  These  corpuscles  of  the  lymph,  known  to  Leeuwenhoeck  and  especially 
to  HewBon,  were  first  more  particularly  described  by  Milller  and  called  lymph- 
corpuscles  ;  vide  Burdach's  Physiologie,  iv.  S.  108.  Recent  physiological  writers 
generally  agree  with  MiiUer  in  his  views. 

*^  Mandl,  for  instance,  Anat,  Micros,  liv.  i.  p.  15,  calls  them  *•  globules  fibri- 
neux,"  and  Weber,  Milller*8  Archiv.  1838,  S.  450,  follows  hun.  See  farther  on 
under  §  123. 
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biata^^.  We  shaU  have  occasion  to  revert  to  the  probable  signifi- 
cance of  these  corpuscles,  and  to  speak  of  their  relations  to  the 
proper  blood-discs. 

Besides  the  proper  blood  and  lymph-corpuscles  now  mentioned, 
we  constantly  observe  in  whipt  blood,  scantily  scattered  here  and 
there,  a  number  of  very  minute  molecules, — ^rounded  globules,  the 
1000th  of  a  line  and  less  in  diameter,*^^  and  also,  but  certainly 
very  rarely,  free  fat-globules**. 

'^  I  regard  the  corpuscles  of  the  circulating  fluid  of  aU  invertebrate  animals  as 
mere  cliyle*corpuBcles ;  true  blood-corpuscles  do  not  seem  to  be  formed  in  this 
diyisioD  of  the  animal  kingdom.  I  shall  have  more  to  B&y  on  this  point  by  and  by. 

^  These  very  minute  globules  are  perhaps  nucleoli  of  the  l^inph-corpuscles, 
around  which  other  molecules  may  be  deposited  in  layers ;  or  perhaps  they  are 
the  elements  of  disintegrated  blood-corpuscles.  They  have  been  observed  and 
described  by  Mandl,  loc.  cit.  [In  his  very  careful  and  long-continued  studies 
of  the  fluid  elements  of  animal  bodies,  Mr.  Gulliver  has  discovered  that  the 
basis  of  the  chyle  is  apectdiar  molecular  or  granular  mass,  not  to  be  confounded 
with  the  small  sphendes  existing  in  various  animal  fluids,  or  with  the  few  minute 
molecules  of  very  different  sizes,  figured  by  Professor  Wagner  in  the  chyle ;  for 
the  **  molecular  base,*^  as  described  and  depicted  by  Mr.  Gulliver,  is  composed 
of  particles  very  uniform  in  size,  (fig.  CXLIX.)  ;  it  preponderates  over  the 
liquor  chyli,  constitutes  the  bulk  of  the  chyle  during  digestion,  is  therefore  the 
cause  of  the  characteristic  colour  and  opacity  of  this  fluid,  and  can  scarcely  be 
distinguished  with  a  magnifying  power  of  less  than  600  or  700  diameters.  See 
Appendix  to  Gerber's  Anatomy,  p.  89.  The  molecular  base  of  the  chyle  is  very 
soluble  in  ether,  whereas  the  minute  spherules  of  the  chyle,  blood,  and  some 
other  animal  matters,  are  not  affected  by  this  reagent.  Even  the  oil-like 
spherules  of  milk  and  of  the  supra-renal  glands  are  not  dissolved  by  ether. 
Microscopic  observations  on  the  minute  particles  of  the  chyle  are  not  quite 
satis&ctory  without  the  aid  of  chemical  tests.  Mr.  Gulliver  has  found  the 
molecular  base  of  the  chyle  in  the  venous  and  arterial  blood  both  of  young  and 
adult  aninuds.    R.  W.] 

*^  Nasse  occasionally  but  very  rarely  found  oil  globules  in  the  firesh  blood  of 


FiG.  CXLIX. 

Fig.  CXLIX.  Molecular  base  of  the  chyle  on  a  micro- 
meter scale  of  7i^th  of  an  £.  inch.  The  four  pale  glo- 
bules represented  upon  the  ground  are  chyle-corpuscles. 
The  average  diameter  of  these  is  about  TuW^h,  and  the 
molecules  of  the  base  are  firom  six  to  eight  times  smaller, 
viz.,  firom  jwAinrth  to  i^cinuth  of  an  E.  inch. — Gulliver. 
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Formation  of  the  Blood- Corpuscles, 

§  96.  The  blood-corpuscles  are  produced  originally  in  the  ger- 
minal membrane  of  the  embryo ;  through  the  rest  of  life  they  are 
formed  in  the  blood  from  the  chyle.  Like  the  phenomena  of  evo- 
lution generally,  which  can  only  be  ascertained  by  extensive  series 
of  observations  on  parts  in  every  stage  of  their  progress  towards 
completion,  it  is  extremely  difficult  to  seize  the  blood-corpuscles  in 
their  beginnings,  and  to  follow  them  through  their  after-stages,  li 
we  examine  the  blood-corpuscles  in  half  or  in  fully  formed  embryos, 
we  perceive  no  difference  between  them  and  those  of  the  grown 
animal  of  the  same  species.  At  the  most,  the  only  point  of  differ- 
ence is  some  slight  variety  in  respect  of  size.  But  if  we  select  very 
young  embryos  as  the  subject  of  our  studies — embryos  of  man, 
and  the  mammalia,  of  a  few  lines  in  length,  or  embryos  of  birds 
during  the  third  day  of  incubation — we  discover  many  blood- 
corpuscles  in  process  of  formation,  [blood-corpuscles,  at  aU 
events,  very  different  from  those  of  the  maturer  embryo  and  in- 
dependently existing  animal].  These  blood-corpuscles  are  gene- 
rally considerably  larger,  often  twice  larger  than  those  of  the  fuUj- 
formed  animal,  and  present  themselves  in  the  shape  of  soft,  round- 
ish, but  often  irregular  bodies,  of  a  pale  red  colour  (fig.  CL.  d, 
and  CLI.  6),  in  which  a  distinct  nucleus  is  very  frequently  visible 
without  addition  of  any  kind  (fig.  CL.  d),  or  that  can  readily  be 
brought  into  view  by  the  use  of  reagents  (fig.  CLII).    By  the  side 

the  dog.  Vide  bis  Inquiries,  physiological  and  pathological  (Untersuchwug^^ 
zur  Physiologic  und  Pathologic,  Bd.  ii.  S.  187.)  [Mr.  Gulliver  sometimes  found 
oil-like  particles  in  the  blood  of  the  ferae  (Gerb.  Anat.  App.  p.  23.     R.  W.] 


Fig.  CL. 


Fio.  CL.  Blood-globules  of  the  embryo  of  vesper- 
*tilio  murinus;  a,  b,  perfect  globules;  c,  lymph- 
granules  ;  d,  d,  blood-globules  in  progress  of  devel- 
opment from  very  young  embryos ;  these  are  larg^ 
elastic  vesicles,  many  of  which  include  a  dlBtinct 
nucleus.  [See  the  parallel  obsen-ations  of  Mr.  Gul- 
liver, at  p.  240,  fig.  CXLVIII.  B  and  C.    R.  W.] 
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of  these  larger  bodies,  and  fuUy- formed  normal  blood-corpuscleSi  are 
perceived  (fig.  CLI.  a),  and  farther,  smaller,  round,  and  frequently 
granular  globules  (fig.  CL.  and  CLI.  c).  These  last  globules  or 
granules  appear  to  be  nuclei  of  blood-corpuscles,  which  by  attract- 
ing and  aggregating  vitellary  elements,  gradually  surround  them- 
selves with  a  capsule — the  future  capsule  or  investment  of  the 
perfect  blood-globule.  Direct  observations  give  us  assurance  of 
this.     According  to  other  observers,  the  vitellary  globules  or  cells 


Fig.  CLI. 


Fio.  CLI.  Blood-globules  perfect  and  in  pro- 
grcsB  of  development  from  the  chick  of  the 
fourth  day ;  a,  a,  fully  fonned'globules,  ft,  ft,  ft,  ft, 
globules  in  process  of  formation ;  c,  smaller, 
roundjed  granules,  analogues  of  lymph-granules. 


Fia.  CLIL 


ej 


® 


Fig.  CLII.  Blood-globules  of  the  chick  that  have  been 

J    treated    with    water  mixed  with  a  little  acetic  acid  ; 

C5L/    nuclei  are  conspicuous. 


FiQ.  CLin. 
B  ■ 


9  m  m 


Fia.  CLIII.  Globules  of  the  chyle,  from  the  lacteals  and  me- 
senteric glands  of  a  young  woman,  eighteen  years  of  age,  who 
had  committed  suicide  by  drowning.  The  body  was  inspected 
eight  hours  after  death.  A,  Perfect  chyle-globules.  B, 
(^  ^  Smaller  molecules,  which  are  found  swimming  in  the  chyle, 
undoubtedly  rudimentary  chyle-globules.  C,  A  chyle-glo- 
bule surrounded  with  a  very  delicate  envelope ;  in  all  likeli- 
hood in  process  of  change  into  a  blood-globule. 
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are  themBelves  transformed  into  bleod-corpuscles  ^^ ;  which  of 
these  views  is  the  correct  one  has  not  yet  been  satisfactorily  de- 
monstrated. 


Microscopic  Analysis  of  Chyle  and  of  Lympti^ . 

§  97.  Chyle  and  Lymph  consist  like  the  blood  of  a  homogeneous 
fluid,  and  certain  peculiar  corpuscles  mixed  with  it.     These  cor- 

^^  I  have  myself  instituted  researches  on  the  early  embryos  of  mammals, 
birds,  and  amphibia.  According  to  Baiung3rtncr,  On  the  Nerves  and  the  Blood, 
(Ueher  Nerven  und  Blut,)  pp.  40,  80,  88,  the  blood-corpuscles  in  the  embryos 
of  amphibia  and  fishes  are  at  first  globular,  and  inclose  other  smaUer  globules 
within  them ;  the  blood-corpuscles  themselves  arise  fi*om  the  globules  of  the 
yolk ;  they  gradually  acquire  a  red  colour,  which  is  first  observable  when  they 
have  become  elliptical ;  the  earliest  fonned  blood-globules,  according  to  Baimi- 
gartner,  are  compounded  of  many  small  vitellary  globules,  loc.  cit.  and  Table  viii. 
fig.  10 — 14.  According  to  Schultz's  account,  which  however  is  not  very  clear 
or  comprehensible,  clusters  of  vitellary  granules  become  aggregated  and  included 
in  a  vesicle  in  the  amphibia.  In  birds  and  fishes  the  formation  of  the  blood- 
globules,  he  says,  is  different :  here  vesicles  are  formed  around  the  individual 
vitellary  globules.  Schultz*s  Syst,  of  Circulation,  p.  33.  I  see  the  figures  in 
Schultz's  second  Table  as  very  true  to  nature.  Schwann  regards  the  blood-cor- 
puscles as  cells,  the  nuclei  of  which  are  formed  first,  a  capsule  being  then  gradually 
formed  around  these, — the  blood  corpuscles  are  flattened  cells,  with  nuclei 
attached  at  a  point  to  the  inner  surface  of  the  cell-membranes.  Mtkroscop*  Un- 
tersuch.  S.  76.  Valentin  is  opposed  to  the  idea  of  the  transformation  of  the 
vitellary  cells  into  blood-corpuscles.  He  views  the  blood-corpuscles  not  as  cells, 
but  as  nuclei.  The  nuclei,  in  ordinary  parlance,  of  the  blood-corpuscles,  he  re- 
gards as  nucleoli.  Vide  §  86,  and  Professor  Valentines  Observations^  at  p.  214 
et  seq.     [Vide  also  the  addition  to  Annot.  184  and  fig.  CXLVIII.  B.  C]. 

[-198  To  our  countryman,  Ilewson,  belongs  the  merit  of  having  first  ascertained 
firom  careful  observations  the  nature  of  the  lymph-globules,  which  he  always 
called  central  particles  (Exp,  Inq.  part  3,  by  Magnus  Falconar,  Lond.  1777). 
But  'Hewson*s  researches  upon  this  subject  were  never  properly  appreciated; 
they  attracted  little  or  no  attention,  and  were  not  once  submitted  to  any  exami- 
nation fitted  to  ascertain  their  value.  Yet  the  discoveries  of  Schwann,  which 
involve  the  most  important  addition  that  animal  physiology  has  lately  received^ 
fully  confirm  the  accuracy  of  Hewson*s  views,  and  show  that  what  he  propounded 
in  regard  to  the  blood-corpuscles  merely,  is  also  applicable  to  the  tissues,  a  fact 
which  could  scarcely  have  escaped  observation,  had  the  valuable  inquiries  of 
this  ingenious  man  been  continued  with  any  zeal  by  his  immediate  successors. 
As  far  as  the  blood-corpuscle  is  concerned,  the  cytoblast  or  cell-germ  of  the 
German  writers  is  but  another  term  for  the  central  particle  of  Hewson. 
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puscle^  of  the  lymph  and  chyle  (fig.  CLIII.  A.)  bear  a  strong  resem- 
blance to  the  second  form  of  corpuscle  met  with  in  the  blood  ((  95, 
c  in  figs).     They  appear  to  consist  of  an  aggregation  of  molecules. 

To  the  account  given  in  the  Appendix  to  Gerber's  Anatomy  (pp.  91  and  95 — 
100)  of  the  globules  of  the  chyle,  lymph,  and  thymous  fluid,  it  may  be  added 
that  the  tissues  during  the  early  period  of  intra-uterinc  life  are  saturated  with  a 
juice  scarcely  distinguishable  fix>m  that  of  the  lymphatic  glands  of  adults.  The 
average-sized  lymph-globules  are  indeed  rather  smaller  and  more  regularly  glo- 
bular than  those  found  in  the  embryonic  tissues,  but  in  the  latter,  the  globules 
are  already  growing,  while  those  of  the  lymph  are  only  on  their  way  to  the 
blood  just  after  their  formation.  In  all  other  respects,  these  cell-germs  of  the 
foetus  are  like  those  of  lymph,  and  so  numerous  are  they  in  some  of  the  immature 
tissues  as  to  render  it  probable  that  more  globules  are  produced  in  certain  organs 
than  are  necessary  for  their  individual  growth,  as  if  they  contributed  to  the  forma- 
tion of  this  embryo  flesh  and  blood  for  the  general  increase  of  the  body,  until  the 
special  functions  of  such  organs  were  called  into  action  after  birth.  The  foetal 
lungs,  for  instance,  are  completely  full  of  these  cytoblasts  or  lymph-like  globules, 
(fig.  CLIV.  B.)  and  so  are  the  glands  generally,  and  the  spleen  ;  and  this  latter 
viscus  in  the  adult  contains  great  numbers  of  similar  particles. 

As  cell-nuclei  may  increase  in  size,  it  might  be  expected  that  the  l^inph- 
globules  would  become  a  little  larger  in  the  blood,  and  accordingly,  as  shown  in 
fig.  CLIV.  C,  the  so-called  lymph-globules  of  the  blood  are  generally  larger 
than  those  of  the  lymphatic  juice,  as  I  have  observed  in  a  great  number  of 
mammals  and  birds ;  and  the  pus-like  globules  found  in  the  blood  in  many  in- 
flammatory diseases  are  still  perceptibly  larger  than  the  ordinary  pale  globules 
of  the  blood.  (See  Gerber's  Anatomy,  fig.  269). 

Hewson  states  that  the  particles  of  the  fluid  of  the  lymphatic  glands  of  birds 
are  oval,  like  the  nuclei  of  the  blood-corpuscles.  But  although  the  blood-cor- 
puscles of  the  Napu  Musk  Deer  and  of  the  Camelidee  are  quite  peculiar  both  as 
to  size  and  shape,  I  found  that  the  globules  in  the  juice  of  the  lymphatic  glands 
were  similar  to  the  globules  of  the  like  juice  in  animals  with  blood-discs  of  the 
ordinary  size  and  figure ;  and  more  recent  observations  on  the  lymph  of  birds 
were  to  the-  same  effect  (fig.  CLIV.  A).  It  is  remarkable,  however,  that  the 
lymph-globules  in  many  birds  are  smaller  than  the  corresponding  globules  of 
nuunmals,  while  in  the  blood  of  the  same  birds,  the  so-called  lymph-granules 
are  quite  as  large  as  those  of  mammals.  As  to  the  opinion  of  M.  Mandl  that 
sU  the  globules  in  question  are  nothing  but  particles  of  coagulated  fibrine,  it  may 
be  stated  that  as  the  fibrine  is  the  plastic  matter,  it  is  difficult  to  suppose  that 
cells  or  their  nuclei  are  not  derived  immediately  firom  it,  since  it  has  never 
been  doubted  that  the  mass  of  the  coagulated  lymph  of  inflamed  parts  is  fibrine, 
and  this  coagulated  lymph  is  now  known  to  be  chiefly  made  up  of  globules  (see 
Berber's  Anatomy,  fig.  243).  In  the  following  figures  all  the  parts  arc  repre- 
sented as  magnified  840  diameters,  excepting  only  the  pulmonary  vesicles  in  B, 
which  were  drawn  from  a  view  with  an  object  glass  of  one  inch  focal  length 
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arranged  about  a  central  nucleolus  which  can  readily  be  demon- 
strated by  the  action  of  acetic  acid. 

It  is  not  tare  to  find  indications  of  an  envelope  around  these 
chyle-corpuscles  (%.  CLIII.C))  and  every  now  and  then,  forma  that 
appear  very  obviously  to   be  transitions  from  the  lymph  into  the 

with  the  second  eyepiece.    The  sctual  rise  of  these  vesicles  was  ascertained  to 
be  generally  from  ^inth  to  linth  of  an  E.  inch  in  diameter.    G.  G.] 


Fio.  CLIV.  A.  Juice  of  the  lymphatic  glands  of 
a  common  fowl.  In  the  upper  part  of  the  figure 
the  glubuIcB  are  floating  in  their  own  fluid,  and  in 
the  lower  part  they  are  shown  after  being  treated 
with  acetic  acid.  Compare  with  the  globules^fron 
the  hoy  mentioned  helow,  and  with  the  Ijmph  of 
the  mammalia  depicted  in  Gerbcr's  Anatmag,  figt- 
279—287. 


B  Id  the  lower  part  are  seen,  with  a  low  mag- 
nifying power,  pulmonary  vesicles  full  of  cell- 
germs  like  Ij-mph-glohnles ;  in  the  upper  pan 
these  globules  are  exhibited  separately  and  highlj 
inagnifled,  aa  in  the  other  figures.  To  the  left 
are  five  of  the  cell-germs  after  they  hare  been 
treated  with  acetic  acid. 


®| 


C  In  the  upper  part  to  the  right  are  abow" 
some  lymph- globules  (from  the  juice  of  one  ofili<^ 
cervical  glands  of  a  boy ;  to  the  left  some  pale 
white  globules  &om  the  blood  of  a  healthy  man  < 
in  the  lower  half  pus-like  globules,  some  of  which 
seem  to  include  nuclei,  fiom  the  blood  of  the 
right  ventricle  of  a  man  twelve  hours  after  deatb 
from  erysipelas  complicated  with  plenrisy.  Tbe 
relative  size  of  the  three  varieties  of  globules  ia 
exhibited  ;  their  average  diantetera,  in  fractions  of 
an  E.  inch,  was  observed  to  be  aa  follows :  lii- 
lympb -globules,  ^jV^th;  the  pale  globules  of  (be 
blood,  lActh ;  and  the  pus-like  globules  nVitb- 
G,G.] 
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blood-corpuscle  are  encountered,  the  originally  circular  envelope 
(fig.  CL.  d),  assuming  an  elongated  oval  shape  (fig.  CXLIV.  e). 
The  lymph-corpuscles  may,  therefore,  with  all  propriety,  be  re- 
garded as  free  nuclei  of  blood-corpiiscles.  ^^ 

Chyle  and  lymph  are  best  and  most  readily  procured  in  quantity 
for  examination,  by  cutting  through  the  turgid  mesenteric  glands 
of  an  animal  just  killed,  and  squeezing  these  over  or  against  a 
plate  of  glass,  when  the  fluids  do  not  flow  in  drops  of  themselves. 
In  this  way,  indeed,  we  have  blood-corpuscles  and  the  epithelial 
cells  of  the  divided  blood-vessels  mingled  with  the  proper  corpuscles 
of  the  chyle,  but  these  with  a  little  practice  are  all  readily  dis- 
tinguished from  one  another  '°°. 

*^  Many  observers  are  in  favour  of  this  transition  of  the  lymph  or  chyle-cor- 
puscle into  the  blood-corpuscle.  Nasse,  among  others,  has  treated  of  the 
matter  fully.  He  says :  "  The  different  stages  in  the  development  of  the  blood- 
corpuscles,  and  the  intermediate  forms  between  the  lymph-globules  and  these, 
are  readily  recognized  in  the  elliptical  blood-corpuscles,  and  cannot  well  be  con- 
founded with  those  forms  of  the  blood-corpuscles  that  indicate  degeneration. 
On  the  lymph- globule,  to  wit,  a  flattened  rounded  offset  begins  to  grow  from 
oppoaite  sides,  and  increases  gradually  till  it  invests  the  entire  globule.  The 
larger,  broader,  and  thicker  these  offsets  become,  the  smaller  grows  the  nucleus, 
so  that  the  matter  which  forms  the  capsule  is  obviously  derived  from  it.  The 
capsule  is  in  the  first  instance  rather  circular  and  paler,  it  is  only  by  degrees 
that  it  becomes  elliptical  and  redder.  The  corpuscle,  mean  time,  is  proceeding 
to  acquire  its  characteristic  qualities, — ^its  length,  breadth,  and  thickness, — as  we 
find  tliese  in  the  majority  of  the  fully  formed  blood-discs.  The  complete  de- 
velopment of  the  capsular  substance  appears  to  commence  and  to  proceed  en- 
tirely within  the  blood-vessels  in  the  animals  mentioned  [the  frog,  the  newt  ?] 
and  to  be  accomplished  very  slowly.**  Unters,  zur  PhytnoL  ii.  S.  183.  These 
observations  of  Nasse  accord  entirely  with  my  own,  unless  it  be  as  regards  the 
mode  of  evolution  of  the  capsule,  which  he  describes  as  wing^Uke^  but  which  I 
have  always  seen  to  take  place  evenly  around  the  lymph-globule  as  its  nucleus. 
Valentin  also  considers  the  lymph-granules  in  the  blood  as  nucleoli. 

[These  views  are  greatly  strengthened  by  the  fact  already  quoted,  that  the 
lymph-granules  of  the  blood  are  very  abundant  during  summer,  and  very  scanty 
during  winter  in  animals  that  hybemate,  that  they  are  numerous  in  the  blood  of 
recently  fed  animals,  and  rare  in  that  of  creatures  which  have  been  kept  long 
fiisting,  &c.  In  the  evolution  of  the  blood-discs  from  the  pale  globules,  Mr.  Gul- 
liver observed  the  envelopes  either  forming  evenly  around  the  globule,  or  in  two 
opposite  directions,  and  occasionally  in  a  crescentic  manner  from  one  part  only  of 
the  circumference  of  the  globule.     See  Gerber's  Anatomy^  fig.  294.    R.  W.] 

*"  If  we  would  procure  chyle  and  lymph  quite  pure,  we  must  take  the  one  from 
the  thoracic  duct,  the  other  from  lymphatic  vessels.     I  have  found  dogs  the  best 
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The  corpuscles  of  the  lymph  and  chyle  swim  like  the  blood-discs 
in  a  fluid  that  is  comparable  to  the  plasma  or  liquor  sanguinis, 
but  which  is  no  subject  for  farther  microscopical  inquiries.  Under 
the  microscope  it  presents  itself  very  much  as  a  drop  of  blood  does, 
the  contained  flbrine  and  albumen  of  which  ha?e  been  coagulated  by 
the  addition  of  a  little  alcohol  '^\ 

PhystcO"  Chemical  Analysis  of  the  Blood. 

(bt  DB.  JULIUS  VOGBL.) 

§  98.  The  proximate  principles  into  which  the  blood  may  be  resolved 
by  chemical  analysis  are  very  numerous.  A  large  proportion  of  the 
matters  which  the  various  organs  of  the  body  form,  or  which  are 
encountered  in  the  different  secretions  and  excretions,  is  also  met 
with  as  elements  of  the  blood.  This  fact  had  been  long  suspected, 
for  the  blood  not  only  supplies  the  materials  for  the  formation  and 
nutrition  of  all  the  parts  of  the  body,  but  all  the  different  secretions 
take  place  from  it  and  at  its  expense,  as  it  were.  It  is  only  in  recent 
times,  however,  and  since  the  study  of  animal  chemistry  has  made 
such  strides  in  advance,  that  this  suspicion  has  by  the  aid  of  nume- 
rous experiments  been  reduced  to  certainty. 

§  99.  So  long  as  it  is  contained  in  the  vessels  of  the  living  aniroal 
body,  the  blood,  as  we  have  seen,  consists  of  a  fluid — the  liquor  san- 
guinis or  plasma,  and  certain  solid  parts  which  are  suspended  in  this 
fluid,  the  blood-corpuscles.  We  shall  begin  by  considering  the  chemi- 
cal composition  of  the  blood-corpuscles.  These,  in  all  vertebrate 
animals,  are  the  bearers  of  the  colouring  matter  which  gives  to  the 
blood  its  characteristic  red  colour,  and  which  by  modern  chemists  is 
designated  Hcematin  (Berzelius),  or  HcematoHn  (Lecanu.) 

The  haemadn  is  not  mechanically  deposited  in  or  upon  the  blood- 
corpuscles  ;  it  is  chemically  united  with  them,  and  may  be  readily 

subjects  for  such  experiments ;  the  great  glandular  mass  of  the  mesentery— the 
pancreas  Asellii — in  these  animals  also  affords  an  abxmdance  of  chyle ;  and  on  the 
surface  of  the  liver  and  spleen  we  commonly  see  turgid  lymphatic  vessels,  by 
puncturing  which  we  readily  obtain  their  contents  unmixed. 

[*°*  The  very  latest  researches,  which  are  those  of  Mr.  GuUiver,  show  that  this 
statement  must  be  modified.  The  base  of  the  rich  chyle  dming  the  height  of 
digestion  is  a  white  molecular  matter,  almost  or  completely  obscuring  the  liquor 
chyli ;  but  in  poorer  chyle  the  molecules  may  be  seen  to  swim  in  the  transpai^t 
fluid.  See  Annot.  p.  247.  fig.  CXLIX. ;  and  Gerber*s  Anatomy^  App.  p.  89—9^ 
figs.  274—278.     R.  W.] 
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separated  or  removed  from  them  by  a  variety  of  fluids,  by  none 
more  effectually  than  by  simple  water,  without  their  being  thereby  in- 
jured. In  a  state  of  absolute  purity  we  are  as  yet  unacquainted 
with  haematin  and  its  properties ;  we  know,  however,  that  it  con- 
tains a  notable  quantity  of  iron,  which  appears  indeed  to  be  essen- 
tial to  its  constitution,  for  haematin,  by  whatever  method  prepared, 
has  still  been  found  united  with  iron.  For  a  long  time  the  red 
colour  of  the  haBmatin  was  ascribed  to  this  combined  iron ;  but  this 
is  a  mere  assumption  which  has  never  yet  been  proven*^.  If  a  por- 
tion of  whipt  blood  to  which  water  has  been  added  be  examined 
under  the  microscope,  the  blood-corpuscles  will  at  first  sight  be 
supposed  to  have  entirely  disappeared, — this  at  least  is  the  case 
with  regard  to  the  human  blood ;  but  after  a  more  careful  inspec- 
tion of  the  field  of  view,  particularly  with  the  use  of  a  high  power 
and  moderate  light,  they  will  be  discovered  again ;  but  they  are 
now  extremely  pale  and  almost  completely  transparent,  the  water 
having,  in  fact,  dissolved  the  colouring  matter  out  of  them.  If, 
however,  we  add  a  little  diluted  tincture  of  iodine,  or  better  still,  a 
saturated  solution  of  iodine  in  common  brine,  the  blood-corpuscles 
immediately  become  much  more  distinct,  the  iodine  giving  them 
colour.  It  is  then  easy  to  obtain  assurance  that  tiiey  are  nearly 
of  the  same  size  as  before  the  addition  of  the  water,  and  that  they 
are  not  particularly  altered  even  in  the  element  of  form.  They  only 
look  somewhat  distended  or  tumid.  Under  the  prolonged  action  of 
water,  however, — an  action  of  several  hours,  or  several  days — they 
are  dissolved  and  disappear  entirely*^. 

^^  In  spite  of  all  that  has  been  accompUshed,  mnch  undoubtedly  yet  remains 
to  be  done  before  the  chemistry  of  the  blood  is  exhausted.  The  subject  is  ra- 
ther fully  discussed  in  the  systematic  works  of  MOller  and  Burdach.  In  the 
Axmal  Chemistry  (Thier'Chxmie^  3te  Aufl.)  of  Berzelius,  in  the  Medical  Che» 
mistry  CMeeUcmiache  Chimiey  Freib.  1836,  2  Bde)  of  Fromherz,  and  in  the  Man- 
ual  of  pracHeal  Medical  Chemistry  (Handbuch  der  oMgetoandten  medidmschen 
Chimiej  Iter  Band,  BerL  1840)  of  Dr.  F.  Simon,  the  latest  and  best  information 
extant  is  contained.  We  have,  besides,  the  monographies  of  Lecanu,  ( Etudes 
ChimiqueM  sur  le  Sang  Hwtiuxhiy  Paris,  1887,)  and  of  Denis,  (Essai  sur  TappU' 
caHan  de  la  Chimie  a  V etude  physiohgique  du  Sang  de  VHomme^  Paris,  1838,) 
which  deserye  especial  mention. 

^^  The  colouring  matter  of  the  blood,  as  it  was  investigated  even  by  such  che- 
mists as  Berzelius,  Engelhart,  Vauquelin,  and  Sanson,  was  more  or  less  contamin- 
ated with  other  principles  of  the  fluid,  particularly  by  globulin  and  albumen.  Le- 
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The  colourless  substance  that  remains  after  the  abstraction  of 
the  colouring  matter,  and  that  forms  the  capsule  of  the  blood-cor- 
puscle, is  a  peculiar  chemically  characterized  matter,  which  Ber- 
zeliua  designates  by  the  name  of  globulin.  It  belongs  to  the  class 
of  albuminous  principles  along  with  albumen  and  casein.  Lecanu, 
indeed,  describes  it  as  albumen,  and  Simon  as  a  modification  of 
casein*^*.  We  shall  continue  to  speak  of  it  in  this  place  under  its 
old  name  of  globulin.  In  the  large  blood-corpuscles  of  the  am* 
phibia,  we  distinguish  a  third  substance  which  differs  chemically 
from  both  haematin  and  globulin ;  this  is  the  substance  which  forms 
the  nuclei  of  the  blood-corpuscles.  It  is  completely  insoluble  in 
water,  and  bears  the  greatest  resemblance  to  albumen  and  fibrine 


canu  appears  to  have  succeeded  in  procuring  the  principle  in  great  purity  (op.  cit. 
p.  28  et  seq.) ;  but  that  the  hsematosin  of  Lecanu  is  the  unchanged  colouring 
principle  of  the  blood  does  not  appear  to  me  to  be  demonstrated.  BerzeliuB,  too, 
doubts  that  it  is  so.  The  unaltered  colouring  matter,  for  example,  as  it  exists 
in  the  blood-corpuscles,  does  not  dissolve  in  the  alkaline  serum,  but  with  great 
readiness  in  pure  water ;  Lecanu*s  haematosin,  on  the  contrary,  is  insoluble  in 
pure  water,  but  is  readily  soluble  in  water  made  slightly  alkaline  by  the  addition 
of  potash  or  soda.  The  quantity  of  iron  contained  in  the  blood  is  very  remark- 
able; Lecanu^s  hsematosin  contains  7,1  per  cent,  of  metallic  iron;  the  absolute 
quantity  of  iron  present  in  the  whole  circulating  fluid,  however,  is  very  small ; 
in  an  adult  it  may  amount  in  all  to  about  ten  grains.  The  state  of  combination 
in  which  the  iron  exists  in  the  colouring  principle  of  the  blood  has  not  been  ascer- 
tained ;  in  all  probability  the  metal  is  actually  combined  with  the  organic  radical 
of  the  colouring  matter,  an  arrangement  many  parallels  to  which  have  been  pre^ 
sented  by  the  later  organic  chemistry.  The  various  hypotheses  in  regard  to  the 
cause  of  the  colour  of  the  blood  which  Fourcroy,  Treviranus,  Hermbstadt,  and 
others  imagined,  may  be  passed  by  in  silence,  their  untenableness  having  long 
since  been  admitted. 

'°^  According  to  Berzelius,  globulin  approaches  very  closely  to  albumen,  and 
like  this  last  is  precipitated  from  its  solution  in  water  by  heat ;  but  the  coagulura 
is  different  from  that  of  common  albumen ;  it  does  not  form  flocks  or  a  connected 
mass  like  this  last,  but  is  loose  and  granular.  Another  difference  is,  that  globu- 
lin is  not,  like  coagulated  albumen,  soluble  in  saline  solutions.  Simon  (op.  cit. 
p.  81)  assimilates  globulin  to  casein,  and  styles  it  blood^caaem.  It  resembles 
casein  in  being  precipitated  by  acetic  and  lactic  acid  flx>m  its  solutions,  and  in 
being  redissolved  in  an  excess  of  each  of  these  reagents ;  during  the  evaporation 
of  a  solution  of  globulin,  too,  it  becomes  covered  on  the  surface  with  an  insoluble 
pellicle,  in  the  same  way  as  a  solution  of  casein.  The  diflerences  from  casein 
which  it  shows  in  its  other  relations  are  accounted  for  by  Simon  firom  its  com- 
bination with  haematin,  fit>m  which  it  is  extremely  difficult  to  free  it  completely. 
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io  the  coagulated  state  ;  but  it  is  distinguished  from  both  in  being 
either  entirely  insoluble  or  very  difficultly  and  sparingly  soluble  in 
acetic  acid.  This  nuclear  substance  is  readily  procured  by  digest- 
ing whipt  frog's  blood  for  a  length  of  time  with  water ;  it  then 
remains  with  the  form  of  the  nuclei  of  the  blood^discs.  That  the 
3ame  substance  occurs  in  the  blood-corpuscles  of  man  and  the  mam- 
malia, we  conclude  on  analogical  grounds ;  but  that  the  fact  is  so 
has  not  yet  been  demonstrated  by  any  direq;t  experiment***.  The 
corpuscles  contain,  in  addition,  a  phosphoric  fat,  of  the  same  kind 
that  is  found  in  the  brain  and  nerves*^,  and,  like  every  other  part 
of  the  animal  body,  a  large  quantity  of  water*". 

^  MOller,  Krause,  and  others  admit  nuclei  in  the  himian  blood-corpuscles  as 
well  as  in  those  of  so  many  of  the  lower  animals ;  analogy  would  lead  us  to  say 
that  this  was  probably  so,  but  numerous  experiments  conducted  with  every  re- 
gard to  acciuracy  hare  failed  to  satisfy  me  that  it  is  so.  Simon  (loc.  cit.  p.  38) 
declares  the  nuclear  substance  of  the  blood-corpuscles  to  be  fibrine :  he  found 
that  the  nuclei  of  the  blood-corpuscles  of  the  frog  isolated  and  dried,  swelled  up 
and  became  transparent  under  the  agency  of  acetic  acid.  On  treating  the  recent 
blood-corpuscles  of  the  frog  with  acetic  acid,  I  found  that  the  contours  of  the 
oaclei  remained  for  a  long  while  vexy  sharply  defined  and  unaltered,  whilst  co- 
agiilated  fibrine,  treated  with  the  same  acid,  examined  under  the  microscope, 
inunediately  became  perfectly  transparent,  and  in  a  little  while  escaped  the  eye 
entirely.  In  trying  the  nuclei  of  pus-corpuscles,  which,  according  to  Simon, 
comport  themselves  like  the  nuclei  of  the  blood-corpuscles,  with  acetic  acid,  I 
found  the  difierence  fi*om  fibrine  which  I  have  just  indicated  still  more  strongly 
marked.  I  rather  incline,  therefore,  to  regard  the  nuclei  of  the  blood-corpuscles 
as  coagulated  albumen,  a  substance  which  is  much  more  slowly  affected  by 
acetic  acid  than  coagulated  fibrine,  were  such  an  insulated  reaction  sufficient 
to  characterize  any  substance  chemically.  According  to  Berzelius*s  view  (loc. 
cit.  p.  86)  they  are  no  albuminous  matter  at  all,  inasmuch  as  they  are  so  slightly 
afiected  by  acetic  acid. 

'^  That  this  phosphoric  or  phosphoriferous  fiit,  which  is  obtained  by  treating 
the  mass  of  blood  entire,  belongs  to  the  blood-corpuscles  in  particular,  cannot 
indeed  be  proved  directly,  but  is  rendered  very  probable  fi*om  the  fiict  that  it 
cannot  be  procured  either  from  the  serum  or  fix>m  the  fibrine  by  themselves ;  it 
must,  therefore,  exist  inimion  with  the  corpuscles  (Berzelius  loc.  cit.  p.  91). 

*•"  Great  obscurity  being  firequently  the  result  of  a  vague  and  variable  termi- 
nology, it  will  probably  be  held  a  service  if  I  state  in  this  place  that  Lecanu*s 
Httmaiosmj  the  purest  colouring  matter  of  the  blood  yet  obtained,  is  to  be  taken 
as  of  like  import  with  Berzelius*s  HtBTnaHn ;  Berzelius*s  Olohulm^  again,  the 
substance  which  remains  after  the  colouring  matter  has  been  removed  from  the 
capsules  of  the  blood-corpuscles,  is  very  different  fipom  Lecanu's  Olobtdm,  which 
is  only  an  impure  haematosin  mingled  with  some  albumen ;  Lecanu  regards  the 


258  PHYSICO-CHEMICAL   ANALYSIS   OF  THE    BLOOD. 

$  100.  The  liquor  sanguinis  or  pkuma  in  which  the  blood-discs  are 
suspended,  displays  a  still  greater  degree  of  complexity  in  its  chemi- 
cal composition  than  these.  Besides  water,  which  constitutes  about 
three  fourths  of  its  entire  weight,  its  principal  constituents  are  alba- 
men  and  fibrine,  each  of  them  in  the  fluid  imcoagulated  state. 
The  fibrine  coagulates  spontaneously  almost  as  soon  as  the  blood  is 
removed  from  the  vessels  of  the  living  body ;  the  albumen  is  in 
such  quantity  that  the  serum  in  which  it  is  dissolved  sets  into  a 
solid  mass  under  the  influence  of  a  certain  temperature*^^. 

capsular  substance  or  Berzeliu8*8  globulin  as  identical  with  albumen.  Simon*8 
Blood'Casemj  on  the  contrary,  is  identical  with  Berzelius^s  globulin,  and  must  not 
be  confounded  with  the  casein  which  L.  Gmelin  detected  in  the  blood  (see  the 
next  paragraph).  By  the  Red  matter  of  the  blood  (Blut-roth),  finally,  Berzelius 
does  not  understand  the  pure  colouring  matter  of  the  blood,  but  a  mixture  or 
combination  of  haematin  and  globulin ;  the  whole  of  the  constituents  of  the 
blood-corpuscles  together,  consequently,  with  the  exception  perhaps  of  the 
nuclei  and  the  fiitty  matter. 

<0B  The  fibrine  and  albumen  are  the  two  most  important  constituents  of  the 
liquor  sanguinis ;  in  the  formation  and  nutrition  of  the  body  they  both  play  a 
distinguished  part,  and  are  of  the  last  importance  in  the  physiology  of  the 
animal  body.  It  will  not,  therefore,  be  amiss  to  consider  each  in  itself,  and  both 
in  their  mutual  relations,  a  little  more  closely.  In  their  fluid  and  uncoagulated 
states  albumen  and  fibrine  are  sufficiently  characterized  and  readily  to  be  dis- 
tinguished firom  one  another :  fibrine  coagulates  spontaneously  shortly  afler  its 
escape  fi^m  the  vessels,  within  which  it  circulates  dissolved  in  the  blood ;  al- 
bumen, on  the  contrary,  never  coagulates  spontaneously ;  but  it  sets  on  the 
application  of  heat,  on  the  addition  of  the  greater  number  of  the  mineral  acids, 
of  many  metallic  salts,  of  tannin,  &c.  with  each  of  which  it  enters  into  combina- 
tion. In  the  coagulated  state,  on  the  other  hand,  the  two  substances  are  either 
no  longer  to  be  distinguished,  or  scarcely  to  be  distinguished  fix)m  one  another, — 
at  all  events,  every  means  hitherto  devised  to  discriminate  between  them,  must  be 
allowed  to  be  incomplete ;  probability  but  not  certainty  may  be  had  that  a  certain 
substance  is  albumen,  not  coagulated  fibrine,  or  fibrine,  not  coagulated  albumen. 
Once  coagulated,  they  cannot  again  by  any  chemical  means  be  brought  back  to 
their  original  uncoagulated  state ;  they  dissolve  indeed  in  acetic  acid  partially, 
and  in  alkalis — ^potash  particularly,  completely ;  but  the  solutions  so  procured 
have  lost  the  property  of  coagtilation  either  spontaneously  or  by  the  application 
of  heat.  The  chemical  composition  of  both  substances,  as  discovered  by  ele- 
mentary analysis,  is  also  very  much  the  same :  both  contain  carbon,  hydrogen, 
azote,  and  oxygen,  almost  precisely  in  the  same  proportion.  Both  alike  contain 
small  but  constant  admixtures  of  phosphorus  and  sulphur.  Mulder  has,  there- 
fore, very  lately  viewed  both  substances  as  combinations  of  one  and  the  same 
radical,  which  he  denominates  Protein,  with  phosphorus  and  sulphur.     Ac- 
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The  liquor  sanguinis  farther  contains  some  casein,  animal  ex- 
tractive—osmazom  and  salivary  matter  or  ptyalin — a  name  under 
which  are  comprehended  hitherto  undecompounded  mixtures  of 
Tariotts  substances  not  yet  sufficiently  known ;  a  yellow  colouring 
matter;  urea  in  very  small  quantity  (indeed  whether  this  substance 
exists  at  all  in  perfectly  normal  blood  is  questionable) ;  various  kinds 
of  fat,  vi2.  choletterin  and  serolin,  free  oleic  and  margaric  acid,  '^ 

oofding  to  him,  albumen  is  a  compound  of  ten  atoms  of  protein  Ynth  two  atoms 
of  sulphur  and  one  atom  of  phosphorus ;  fibrine,  again,  of  10  at(Hns  protein  witii 
1  atom  sulphur  and  1  atom  phosphorus.  They  only  differ,  consequently,  in  the 
one  containing  1  atom  sulphur  more  than  the  other.  My  own  experiments  have 
led  me  to  results  somewhat  different  from  those  of  Mulder.  I  always  found  that 
the  fibrine  of  the  ox's  blood  contained  rather  more  azote  than  the  albumen  of 
the  hen's  egg  (Annalen  der  Pharmacies  1839,  April.  S.  36.)  [A  very  important 
quality  of  the  plasma  of  the  blood  is  the  vUcidity  which  it  possesses  in  passing 
from  the  liquid  to  the  solid  form,  as  was  long  since  particularly  observed  by  Dr 
Davy  (see  JRe$earcheSj  Phy$.  ami  Anat.  voL  ii.  p.  239).  So  remarkable  is  this 
quality,  that  many  forms  of  elongated  morbid  adhesions  may  easily  be  imitated 
by  smearing  the  fingers  with  liquid  coagulable  lymph,  and  separating  them  as 
the  substance  becomes  viscid,  and  before  it  finally  clots.    G.  G.] 

^^  Leopold  Gmelin  detected  casein  in  small  quantity  in  the  liquor  sanguinis. 
This  casein,  as  already  stated,  is  not  to  be  confounded  with  the  blood-casein,  of 
which  according  to  Simon  the  capsules  of  the  blood-corpuscles  consist.  Casein 
IB  intimately  associated  with  the  albumen  and  fibrine  in  the  blood,  and  accord- 
mg  to  Mulder  is  another  of  the  protein  compounds.  This  chemist,  for  example, 
regards  the  casein  of  cow's  milk  as  a  combination  of  10  atoms  protein  with  1 
atom  sulphur ;  it  only  differs  firom  fibrine  consequently  in  the  absence  of  phos- 
phoms. 

The  substance  spoken  of  as  animal  extractive^  is  a  mixture  of  a  number  of 
animal  matters  soluble  in  alcohol  and  water;  among  the  number,  ptyalin  or 
salivny  matter,  which  is  soluble  in  water  only,  has  been  indicated  by  Gmelin  as 
PTia^ii^g  in  the  liquor  sanguinis.  The  other  matters  of  the  same  class  which  are 
soluble  in  both  water  and  alcohol,  compose  the  osmazom  of  writers,  itself  a 
mixture  of  several  not  yet  adequately  characterized  substances.  Urea  has  been 
found  by  Prevost  and  Dumas,  and  by  Tiedemann  and  Gmelin,  in  the  blood  of 
animals  from  which  they  had  extirpated  the  kidneys ;  but  neither  these  chemists 
nor  Lecanu  could  detect  any  urea  in  the  blood  of  healthy  animals  or  man. 
Marchand,  however,  has  either  positively  discovered  urea  in  the  healthy  blood, 
or  has  rendered  its  presence  there  extremely  probable  (Jaum,  /.  Prakt,  Chemie 
V.  Erdmaim,  Bd.  xi.  S.  449,  und  Bd.  xiv.  S.  490).  This  point  demands  renewed 
inquiry.  [In  the  blood  of  persons  labouring  under  disease  of  the  kidney,  urea 
has  been  frequently  detected  in  large  quantity  (Bostock,  in  Bright*s  Reports  of 
Caeesy  &c.  4lo.  Lend,  1827,  Christison  in  Edinb.  Med,  and  Surg,  Jour,  vol.  xxxvii. 
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various  salts^ — sebacic  acid  salts,  lactate  of  soda,  hydrochlorate  of 
potash,  soda,  and  ammonia,  sulphate  of  potash,  carbonate  of  soda,  of 
Ume  and  of  magnesia,  and  phosphate  of  soda,  of  lime  and  of  mag- 
nesia ;  lastly,  carbonic  acid,  oxygen  and  nitrogen,  each  in  the  gaseous 
state'*^.  All  these  substances  are  dissolved  in  the  liquor  sanguinis,  90 
long  as  the  blood  continues  to  circulate  in  the  living  body. 

Besides  the  substances  now  mentioned,  and  those  indicated  in  the 
preceding  paragraph,  different  chemists  have  described  other  com- 
pounds still,  as  constituents  of  the  blood;  but  these  have  either  not 
been  specified  with  such  accuracy  as  to  be  again  recognizable,  or 
they  appertained  to  diseased  and  altered  blood  *". 


1829,  Willis,  in  Lond,  and  Edinb.  Month.  Joum.  of  Med.  Science^  toL  i.  p.  697, 
1841.)  R.  W.]  The  different  kinds  of  fat  of  the  blood  have  been  indicated  by 
Chevreul,  Berzelius,  Boudet,  and  Lecanu.  Cholesterin  is  the  highly  crystalline  fiit 
which  is  found  so  abundantly  in  bile.  Serolin  appears  to  be  peculiar  to  the  blood ; 
it  is  a&tty  substance  little  soluble  in  alcohol,  but  readily  soluble  in  ether,  and  which 
melts  at  a  lower  temperature  than  cholesterin.  Oleic  and  margaric  acid  exist 
free  in  the  blood,  as  was  shown  by  Lecanu;  as  neither  of  these  acids  will  decom- 
pose the  carbonates,  their  presence  is  not  incompatible  with  the  simultaneous 
existence  of  these  salts. 

'^^  Of  the  salts,  the  compounds  of  chlorine,  particularly  common  salt  and  sal- 
ammoniac,  and  the  lactates,  are  encountered  in  almost  all  the  animal  fluids ;  but 
the  alkaline  carbonates  to  which  the  blood  owes  its  alkaline  reaction  upon 
vegetable  pigments,  are  peculiar  to  it.  When  with  the  commencement  of  putre- 
faction free  ammonia  is  developed  in  the  body,  this  unites  with  the  phosphate 
of  magnesia  of  the  blood,  and  then  we  have  microscopic  crystals  of  the  triple 
phosphate  of  ammonia  and  magnesia  deposited  in  aU  the  tissues.  The  subject 
of  the  presence  of  free  gases  in  the  blood  will  be  discussed  when  we  come  to 
speak  of  the  respiration. 

'"  The  number  of  substances,  in  addition  to  those  indicated  above,  which  are 
said  to  have  been  found  in  the  blood,  is  very  considerable.  It  will  not  be  super- 
fluous briefly  to  run  over  the  more  important  of  them  in  this  place,  they  being 
stiU  constantly  referred  to  in  many  chemical  and  medical  works  as  constituents 
of  the  blood.  The  tubrnbrme  of  0*Shaughnessy  (Lancet^  Feb.  7,  1835)  requires 
to  be  farther  examined  before  it  can  be  admitted  as  an  inunediate  constituent  of 
the  blood.  The  chlorohaematin  and  xanthohsematin  of  Brett  and  Bird  (Lond, 
Med,  Oaz,  voL  xvi.  1835)  are  obviously  products  of  the  decomposition  of  the  co- 
agulum  by  nitric  acid,  and  therefore  no  immediate  constituents  of  the  blood. 
Fourcroy,  Vauquelin,  and  others,  assign  gelatin  as  a  constituent  of  the  blood; 
but  in  recent  times  almost  aU  inquirers  seem  to  have  agreed  in  declaring  that 
this  is  not  the  case  (Lecanu,  loc.  cit.  p.  14).  Sarzeau  believed  that  he  had  found 
copper,  and  Wurzer  that  he  had  discovered  manganese,  in  the  blood ;  but  if  we 
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$  101.  The  relative  quantities  of  the  different  constituents  of  the 
blood  will  be  best  observed  by  turning  to  the  following  estimate  of 
Lecanu.  It  is  a  table  of  the  mean  results  of  numerous  analyses  of 
blood  obtained  from  men  by  venesection  in  the  arm ;  from  this  it 
will  be  obvious  that  the  numbers  are  approximative  not  real : 
1000  parts  of  blood  contain*** — 

1.  Blood-corpuscles: 

Haematosin  or  colouring  matter  2}270 

Globulin  or  substance  of  the  capsules     125,627 

127,897 

2.  Liqfuor  sanguinis : 

Water 790,371 

Fibrine 2,948 

Albumen 67,804 

Free  gases,  oxygen,  azote  and  carbonic 

acid ;  extractive  matter,  phosphorife- 

rous  fat,  cholesterin,  seroUn,  oleic  and 

margaiic  acids,  salts,  yellow  colouring 

matter,  urea       -        -         -        .         10,980 

872,103 

1,000,000 

eren  allow  the  analyses  of  these  chemists  to  have  been  correct,  the  quantity  of 
these  metab  detected  is  so  small  and  so  little  essential,  that  they  can  hardly  be 
viewed  as  constituents  of  normal  blood.  Rees  also  thought  that  he  had  discover- 
ed titanic  acid  in  the  blood ;  but  Valentin  and  Brunner,  as  might  have  been  an- 
ticipated, could  find  no  trace  of  this  substance  in  their  researches.  [The  blood 
ought  to  contain  a  great  nimiber  of  occasional  and  accidental  ingredients  at  differ- 
ent times.  Whatever  can  make  its  way  into  the  body,  in  fact,  and  that  is  eliminated 
by  any  of  the  excreting  organs,  ought  upon  occasion  to  be  found  in  the  blood — 
neutral  salts  of  various  kinds,  alkaline  and  metallic,  either  as  they  were  taken  by 
the  mouth  or  in  new  shapes,  the  active  principles  or  the  saline  combinations  of 
these,  met  with  in  the  vegetable  matters  which  we  use  as  food,  physic,  &c.  All 
the  accidental  impregnations  of  the  urine,  of  the  halitus  from  the  lungs,  &c., 
must  have  been  in  the  blood  before  they  showed  themselves  in  the  secretion  of 
the  kidney,  in  that  of  the  lung,  &c.    R.  W.] 

**'  The  original  statement  of  Lecanu  has  been  slightly  altered  here,  in  order  to 
meet  the  present  state  of  knowledge  in  regard  to  the  constitution  of  the  blood. 
This  chemist,  for  example,  reckons  the  fibrine  along  with  the  blood-corpuscles ; 
and  tmtil  very  recently,  the  same  error  runs  through  the  analyses  of  French 
chemists  generally ;  when  they  say  "  blood  corpuscles,"  (globules,)  therefore,  the 

X 


^2  PHYSICO-CHEMICAL    ANALYSIS   OF   THE    BLOOD. 

This  relation  of  the  several  constituents,  howcTer,  is  not  always 
the  same,  it  varies  with  the  individuals,  with  the  age,  sex,  and  tem- 
perament of  him  from  whom  the  blood  which  is  investigated  was 
drawn.  Lecanu,  for  instance,  found  that  in  general  the  blood  of 
adults  of  the  male  sex  in  the  vigour  of  life,  of  persons  well  fed  and  of 
sanguine  temperament,  contained  a  larger  proportion  of  blood-globules 
and  of  fibrine  and  a  smaller  quantity  of  water  than  are  indicated  by 
the  above  mean  estimate.  The  blood  of  the  female  sex,  on  the  con- 
trary, of  children  and  aged  men,  of  subjects  indifferently  fed  and  in 
reduced  circumstances,  and  of  persons  of  a  lymphatic  constitution,  was 
found  poorer  in  blood-corpuscles  and  richer  in  water.  The  albu- 
men and  saline  ingredients  of  the  blood,  again,  were  found  under 
all  circumstances  pretty  much  the  same*".     The  blood  of  the  foetus 

fibrine  is  to  be  uDderstood  as  included  with  the  hsematin.  The  work  of  Denis 
already  referred  to  contaiDs  a  great  number  of  quantitatiye  analyses  of  the  blood 
in  healthy  and  diseased  states  ;  but  Denis  assumes  that  the  haematin  combined 
with  oxyde  of  iron  composes  the  capsules  of  the  blood-discs,  and  that  the  glo- 
bulin, which  he  declares  to  be  albumen,  constitutes  the  nuclei  of  these  bodies. 
According  to  him,  the  capsular  substance  amounts  but  to  about  the  100th  part  o€ 
the  weight  of  the  entire  blood -globule,  an  estimate  that  is  certainly  and  evidently 
erroneous  ;  he  maintains,  moreover,  that  the  colouring  matter  is  a  mere  modifi- 
cation of  albumen,  and  consequently  reckons  it  in  his  analyses  along  with  the 
albumen.  It  is  conceivable  how  necessary  it  must  be  to  have  regard  to  these 
particulars,  and  how  constantly  the  views  of  this  chemist  must  be  kept  In  view 
if  we  would  compare  the  numerical  results  of  his  analyses  with  those  of  others  or 
those  we  may  institute  ourselves.  Another  consideration  is  this :  the  gene- 
rality of  French  analyses,  the  above  mean  estimate  of  Lecanu  inclusive,  place 
the  whole  of  the  water  of  the  blood  under  the  rubric,  liquor  sanguinis ;  but 
a  certain  proportion  of  it  belongs  obviously  to  the  blood-corpuscles. 

*"  The  very  interesting  numerical  results  of  Lecanu*s  experiments  upon  the 
different  quantities  of  water  contained  in  the  blood  of  the  male  and  female  sex, 
of  persQns  of  opposite  temperaments,  &c.  are  the  following.  The  watery  con- 
stituent of  the  blood  of  males  in  1000  parts  was  in  the  maximmn  805,263,  in 
the  minimum  778,625, — mean  791,944.  The  amount  of  blood-corpuscles  and 
fibrine  in  the  same  quantity  of  the  same  blood  was  in  the  maximum  148,450,  in 
the  minimmn  115,850, — mean  132,150.  In  females  :  water,  maximum  853,135, 
minimum  790,394, — ^mean  821,764;  blood-corpuscles  and  fibrine:  maximum 
129,999,  minimum  68,349, — ^mean  99,169.  In  females  of  sanguine  temperament, 
water  (mean  of  four  analyses)  793,007 ;  blood-corpuscles  and  fibrine,  126,174, 
In  females  of  lymphatic  temperament,  water  (mean  of  five  analyses)  803,710; 
blood-corpuscles  and  fibrine  117,300.  The  results  in  this  direction  in  regard  to 
the  male  sex  are  precisely  similar :  Males  of  sanguine  temperament,  mean  of 
watery  constituent  786,584 ;  of  blood-corpuscles  and  fibrine  136,497.    Males  of 
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and  placenta  foetalis  in  a  given  weight  was  found  to  contain  a 
larger  proportion  of  blood-globules  and  less  water  than  that  of  the 
mother***. 

$  102.  The  blood  shows  important  differences  in  the  quantitative 
relations  of  its  constituent  parts  in  the  course  of  different  diseases. 
In  plethoric  states  and  in  inflammatory  affections  it  contains  a  larger 
quantity  of  fibrine  and  of  blood-corpuscles  and  less  water  than  in 
health.  In  chlorosis,  in  icterus,  and  in  the  course  of  diseases  of 
the  heart,  it  has  a  larger  relative  proportion  of  water  and  a  smaller 
one  of  corpuscles.  In  jaundice  it  farther  contains  the  colouring 
matter  of  the  bile,  a  substance  which  is  also  almost  always  present 
in  healthy  blood  in  very  small  quantity  ;  [In  anuria,  in  certain 
diseases  of  the  kidney,  and  in  many  cases  of  the  dropsy  that  follows 
scarlet  fever,  the  blood  contains  urea  often  in  very  considerable 
quantity ;  in  diabetes  mellitus  it  contains  sugar ;]  drained  of  its 
water,  in  cholera,  it  contains  a  much  smaller  proportion  of  this 
fluid  and  a  much  larger  one  of  albumen,  fibrine,  and  corpuscles, 
than  in  health  "\ 

§  lOS.  The  blood  only  continues  fluid  so  long  as  it  circulates  in 
the  vessels  of  the  living  body:  removed  from  these  it  speedily 
passes  from  a  fluid  into  a  solid — ^it  coagulates.  This  coagulation  is 
effected  by  the  fibrine,  which  is  dissolved  in  and  forms  an  element 
of  the  liquor  sanguinis,  passing  firom  the  fluid  into  the  solid  state, 

lymphatic  temperament, — ^watery  constituent  800,566  ;  of  blood-corpuscles  and 
fibrine  1 16,667.  Farther  details  wiU  be  found  in  Lecanu*s  work,  and  in  the 
interesting  essay  of  Denis.  The  latter  divides  normal  blood  according  to  indi- 
vidual varieties,  which  depend  principally  on  the  amount  of  watery  contents 
and  the  specific  gravity,  into  four  classes. 

^^*  Denis  states  this  as  the  result  of  many  analyses  (op.  cit.  p.  238).  The 
weight  of  the  blood-corpuscles  in  festal  blood  exceeds  the  mean  weight  of  the 
same  element  of  female  blood  by  at  least  one  hal^  in  some  cases  it  was  even  as 
much  as  twice  the  weight  of  that  of  the  mother. 

^^^  This  subject  plainly  belongs  to  pathology  rather  than  to  physiology,  so 
that  it  were  improper  to  pursue  it  further  here.  The  works  of  Lecanu  and 
DeniB,  &c.  may  be  referred  to  for  more  ample  details.  I  have  often  satisfied 
myself  that  the  colouring  matter  of  the  bile  frequently  exists  in  the  blood  of  per- 
sons unaffected  with  jaundice.  The  serum  of  such  blood  has  generally  a  yel- 
lowish-green colour ;  if  a  little  nitric  acid  be  added  to  it,  the  precipitated  albu- 
men as  well  as  the  supernatant  serum  assumes  a  grass-grcen  hue,  which  with  a 
farther  addition  of  nitric  acid  passes  into  a  blue,  and  by  and  by  into  a  red,  pre- 
cisely as  happens  when  dfluted  bile  is  treated  in  the  same  way. 
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and  in  doing  so  including  in  the  first  instance  not  only  the  whole 
of  the  suspended  solid  particles^  the  corpuscles,  but  the  serum  also* 
The  coagulation  of  the  blood,  is  a  purely  chemical  phenomenon, 
and  is  connected  with  no  kind  of  vital  process ;  it  occurs  in  the 
course  of  from  three  to  seven  minutes  after  the  blood  has  been 
drawn  from  a  vein'^.     In  the  first  instance  the  entire  mass  of  blood 

'^  The  circumstances  attending  the  coagulation  of  the  blood  as  now  described^ 
were  first  made  clear  in  recent  times  by  the  admirable  experiments  of  MuUer. 
Formerly  the  universal  opinion  was  that  the  fibrine  was  contained  in  the  blood- 
corpuscles,  and  that  the  crassamentum  was  formed  by  these  adhering  together 
and  so  forming  a  compact  mass.  It  is  easy,  however,  to  obtain  assurance  that 
this  old  notion  is  incorrect,  and  on  the  contrary  that  the  liquor  sanguinis  holds 
the  fibrine  in  a  state  of  solution  during  life.  If  a  little  blood  be  allowed  to  flow 
into  a  pretty  thick  solution  of  sugar  in  water,  by  reason  of  the  great  division  of 
the  fibrine  an  extremely  delicate  arachnoidal  coagulimi  wiU  be  formed ;  thiet 
brought  under  the  microscope,  exhibits  the  blood-corpuscles  unchanged^  included 
in  a  transparent  colourless  mass,  which  is  the  coagulated  fibrine.  Farther,  if 
the  blood  of  a  firog  or  newt,  of  which  the  corpuscles  are  very  large  and  do  not 
pass  through  the  pores  of  fine  filtering  paper,  be  diluted  with  thin  syrup  and 
thrown  on  a  filter,  the  corpuscles  are  arrested;  the  liquor  sanguinis  diluted  with 
the  sugar  alone  flows  through.  This  fluid  is  clear,  colourless,  and  con- 
tains no  blood-corpuscles ;  nevertheless  a  coagulum  is  formed  within  it  before 
long,  as  MiUler  first  showed ;  whilst  the  blood-corpuscles  that  remain  on  the 
filter,  if  they  be  duly  fireed  from  adhering  fibrine  by  washing  with  solution  of 
sugar,  remain  loose,  and  unconnected.  Lastly,  the  coagulation  of  the  blood  is 
prevented  by  all  those  means  or  agents  that  have  the  faculty  of  dissolving 
fibrine,  viz.  by  the  addition  of  acetic  acid  and  of  a  caustic  alkali  to  fresh  blood. 
These  facts  demonstrate  satisfactorily  that  the  coagulation  of  the  blood  depends 
on  the  setting  of  the  dissolved  fibrine,  not  on  the  mere  agglutination  of  the 
blood-corpuscles.  [Nothing  can  be  clearer  than  the  description  given  by  Hew- 
son  of  the  coagulable  lymph,  red  particles,  and  serum.  He  says,  **  The  crassa- 
mentum consists  of  two  parts,  of  which  one  gives  it  solidity,  and  is  by  some  called 
the  fibrous  part  of  the  blood,  or  the  ghiteriy  but  by  others  with  more  propriety 
is  termed  the  coagulable  lymph ;  and  of  another  which  gives  the  red  colour  to  the 
blood,  and  is  called  the  red  globules,  ♦  ♦  ♦  That  it  is  the  coagulable  lymph, 
which,  by  becoming  solid,  gives  firmness  to  the  crassamentum^  is  proved  by  agi- 
tating fi^sh  blood  with  a  stick,  so  as  to  collect  all  this  substance  on  the  stick,  in 
which  case  the  rest  of  the  blood  remains  fluid.  ♦  ♦  ♦  In  these  sheets,  by  the 
lymph  is  always  meant  that  part  of  the  blood  which  jellies,  or  becomes  solid  spon- 
taneously, when  received  into  a  bason,  which  the  coagulable  matter  that  is 
dissolved  in  the  serum  does  not,*'  &c.  Exp.  Inq.  pt.  1,  p.  5—6.  Third  ed,  Lond. 
1780.  An  interesting  historical  notice  respecting  the  coagulation  of  the  blood 
has  been  given  by  Dr.  Davy,  in  his  Physiological  and  Anatomical  Researches,  vol. 
ii.p.  49  et'seq.     The  question  whether  the  coagulation  of  the  blood  is  a  vital  or 
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presents  itself  as  a  solid  clot,  for  the  reascm  specified;  but  by  and 
by,  the  coagulated  mass  begins  to   shrink,  and  squeezes  out  the 
serons  fluid  which  had  been  entangled  in  its  meshes.     The  ori- 
ginally homogeneous  mass  is  consequently  now  separated  into  two 
distinct  portions ;  the  one  solid,  the  clot,  cruor,  or  crassamentum  ; 
the  other  fluid,  the  serum.     The  former  has  various  degrees  of  con- 
sistency, is  of  a  red  colour,  and  consists  of  the  fibrine  which  has  co- 
agulated and  the  entangled  blood-corpuscles.     The  latter  is  a  pale 
greenish-yellow  coloured  fluid,  generally  pretty  transparent,  but 
sometimes  turbid  in  different  degrees,  and  even  milky'",  of  a  saltish 
taste,  having  a  specific  gravity  between  1027  and  1029**^,  and  show- 
merely  chemical  phenomenon  is  not  yet  determined.    The  recent  ohservations  of 
Gulliyer  (App.  to  Gerber*8  Anaionu/^  p.  14  et  seq.  Figs.  245 — 251)  show  that 
clots  of  fibrine  have  a  rudimentary  appearance  of  organization.    Even  when  co- 
agulated out  of  the  body,  fibrine  contains  corpuscles  which  would  appear  to  be 
organic  germs.    This  fact  is  very  interesting,  not  only  as  concerns  the  nature  of 
the  act  of  coagulation,  but  also  in  relation  to  some  of  the  doctrines  about  inflam- 
mation.   That  this  latter  process  is  not  necessary  for  the  healing  of  wounds  in 
the  human  body  may  be  very  readily  believed,  now  it  is  ascertained  that  cell- 
germs,  or  at  least  analogous  corpuscles,  are  formed  in  the  blood  by  the  simple 
act  of  coagulation.    R.  W.] 

^"^  This  turbid  and  milky  condition  of  the  serum,  which  is  occasionally  ob- 
served in  blood  from  individuals  perfectly  healthy,  is  generally  connected  with 
the  presence  of  a  large  quantity  of  oil  or  fat  suspended  in  the  serum ;  it  is  par- 
ticularly observed  when  the  blood  has  been  obtained  at  no  long  interval  after  a 
fiiU  meal  of  nutritious  food.  When  the  turbidity  is  great  we  can  always,  with 
the  assistance  of  the  microscope,  detect  a  large  number  of  oil-globules  mixed 
with  the  serum,  which  otherwise  appears  as  a  clear  and  transparent  fluid  without 
any  solid  precipitate.  [The  milky  matter  found  on  the  surface  of  the  serum  Mr. 
Gulliver  ascertained  to  be  identical  with  the  molecular  base  of  the  chyle.  (See 
p.  247,  Fig.  CXLIX.)  He  firequently  observed  this  white  chylous  matter  in  the 
blood,  both  arterial  and  venous,  of  sucking  and  adult  animals.  The  most  exten- 
sive observations  on  the  mUk-like  serum  are  those  of  Hewson,  loc.  cit.  p.  141 — 
155 J  who  attributed  the  appearance  to  reabsorption  of  fat,  and  not  to  unassimi- 
lated  chyle.  His  microscopical  observations  on  the  milk -like  matter  (p.  142) 
seem,  however,  to  agree  with  those  of  Gulliver.  The  latter  author  mentions  a 
semi-opaque  whitish  serum  which  he  considers  distinct  fix>m  that  mentioned 
above.    R.  W.] 

^^^  [This  is  probably  stated  too  high.  From  Dr.  Davy's  observations  on  the 
blood  of  several  mammalia,  it  results  that  arterial  blood  is  of  somewhat  less 
specific  gravity  than  venous,  and  arterial  serum  than  venous  serum.  The  spe- 
cific gravity  of  arterial  serum  was  firom  1019  to  1030,  the  mean  1022  ;  of  venous 
serum  the  specific  gravity  was  fi*om  1023  to  1030,  the  mean  1026.  The  mean 
specific  gravity  of  arterial  blood  was  1050,  of  venous  blood  1053.     R.  W.] 
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ing  alkaline  reaction  with  vegetable  blues.  The  serum  contains  all 
the  constituents  of  the  original  liquor  sanguinis,  with  the  exception 
of  the  dissolved  fibrine.  If  the  blood-corpuscles  "begin  to  subside 
towards  the  bottom  of  the  vessel  in  which  the  blood  is  contained 
before  coagulation  takes  place,  the  upper  stratum  of  the  clot  con- 
tains none  of  these  particles,  and  is  consequently  of  a  white  or  pale 
yellow  coloui',and  consists  of  pure  fibrine  ;  this  is  the  buffy  coat  of  the 
blood,  which  is  seen  particularly  in  the  blood  of  pregnant  women, 
and  of  those  who  are  labouring  under  acute  inflammatory  diseases'^^. 
In  many  diseases — in  putrid  fevers,  &c.  the  blood  which  is  let  from  a 
vein  does  not  coagulate  properly ;  it  either  remains  entirely  fluid, 
or  it  sets  partially  or  completely  into  a  soft,  tremulous  jelly-like 
mass,  instead  of  a  proper  clot,  a  phenomenon  that  must  depend 
either  on  a  deficiency  of  fibrine  or  on  some  chemical  change  having 

<i9  Mulder  found  the  dried  buffy  coat  to  consist  of  fibxine  with  two  and  a  half 
per  cent,  of  fat.    In  the  moist  state,  when  it  is  still  loaded  with  serum,  it  has 
heen  found  to  consist  in  100  parts,  of  3,02  fibrine ;  005  fat ;  8,78  fluid  albumen; 
and  88,15  water  (Berzelius).   The  formation  of  the  buffy  coat  may  be  explained 
in  different  ways— either  the  blood-corpuscles  sink  more  rapidly  than  usual 
towards  the  bottom,  or  the  blood  coagulates  more  slowly  than  wont.     In  all 
probability  the  two  circumstances  co-operate  in  the  generality  of  cases.    [The 
most  careful  observations  of  recent  date  show  a  diminution  in  the  specific  gravity 
of  the  serum,  or  rather  of  the  liquor  sanguinis,  as  finequently  connected  with  the 
occurrence  of  the  buffy  coat ;  this  lower  specific  gravity  of  course  allows  the 
blood-corpuscles  to  subside  more  readily  than  usual.    Dr.  Davy,  however,  be- 
lieves, with  Hewson,  that  the  buffy  coat  is  dependent  on  an  increased  fluidity 
or  diminished  viscidity  of  the  coagulable  lymph,  as  well  as  connected  with  its 
more  tardy  coagulation ;  and  that  there  is  no  necessary  connection  between  the 
specific  gravity  of  the  blood  and  the  presence  or  absence  of  the  buffy  coat.    Thus 
in  five  instances  in  which  the  bufiy  coat  was  slight  the  specific  gravities  were 
1047,  1051,  1055,  and  1054 ;  and  in  other  five  cases  in  which  the  buffy  coat  was 
moderately  thick,  the  specific  gravities  were  1044,  1038, 1052,  and  1056 ;  and  in 
an  instance  of  thick  buffy  coat  the  specific  gravity  of  the  blood  was  1057.    It 
results  firom  his  observations  generally,  that  the  blood  of  persons  labouring  under 
acute  diseases  differs  very  little  in  specific  gravity  fix>m  healthy  blood,  and  is  of 
comparatively  high  specific  gravity,  or  at  least  not  below  the  mean,  whether 
buffed  or  not.  Researches^  Phys.  and  Anat.  vol.  ii.  p.  30 — 49.  R.  W.]  The  larger 
amount  of  fibrine  which  has  been  indicated  in  connexion  with  inflammatory 
diseases  (Denis,  1.  c.  p.  136)  does  not  of  itself  explain  the  occurrence  of  the 
buffy  coat;  it,  however,  explains  one  circumstance  that  is  very  c<Mmnonly 
associated  with  this  appearance,  viz.  that  the  crassamentum  in  such  circum- 
stances is  generally  firmer,  denser,  and  more  difilcult  to  divide  with  a  knife  than 
usual. 
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occurred  in  its  constitution,  by  which  its  coagulability  has  been 
lessened  or  destroyed.  The  blood  does  not  coagulate  out  of  the  body 
only  ;  it  also  sets  within  the  living  frame  when  it  is  extravasated — in 
cases  of  effusion  of  blood  into  the  bronchi,  in  apoplectic  cysts,  &c. 
We  find  the  blood  set  into  coagula  similar  to  those  that  are  pro- 
duced without  the  body,  though  they  may  generally  be  somewhat 
softer  perhaps  than  these  last.  Shortly  after  death  the  blood  coag- 
ulates in  the  vesselsi  particularly  the  larger  veins,  and  in  the  right 
cavities  of  the  heart;  in  the  capillary  vessels,  on  the  contrary,  it  re- 
mains fluid  for  several  days  after  death,  though  it  will  coagulate 
speedily  when  removed  from  these.  With  incipient  putrefaction 
the  coagulating  property  of  the  blood  is  destroyed.  It  is  not  un- 
common to  find  white  or  colourless  coagula — coagula  which  contain 
no  blood-corpuscles,  in  the  heart ;  these  are  what  are  called  false 
polypi.  They  are  formed  in  all  probability  during  the  life  of  the 
individual;  the  absence  of  blood-corpuscles  in  their  interior  is 
readily  to  be  explained,  and  is  another  evidence  of  their  for- 
mation some  time  prior  to  death ;  the  columnar  cameae,  and  chordas 
tendineae,  aided  by  the  motion  of  the  heart,  must  act  upon  the  blood 
precisely  in  the  same  manner  as  the  switch  with  which  freshly  drawn 
blood  is  beaten  when  we  would  collect  the  fibrine  from  it. 


Physico-chemical  Analysis  of  the  Lymph  and  Chyle, 

5  104.  The  chemical  composition  of  the  lymph  is  very  similar  to 
that  of  the  blood ;  as  a  general  rule,  however,  it  contains  a  larger  pro- 
portion of  water,  and  a  smaller  proportion  of  solid  constituent  parts 
than  this  fiuid.  Like  the  blood,  the  lymph  consists  of  a  fiuid  in 
which  the  solid  elements,  the  lymph-corpuscles,  are  suspended. 
Accurate  chemical  researches  into  the  nature  of  the  lymph-corpus- 
cles are  still  wanting  ;  in  all  probability  they  consist  of  a  substance 
analagous  to,  perhaps  identical  with,  the  globulin  of  the  blood-cor- 
puscles ^ ;  and  the  nuclei  of  the  lymph-corpuscles  may  be  found  of 

*^  [From  Mr.  Gullivei^s  observations  it  appears  that  saturated  solutions  of 
many  earthy  and  alkaline  salts  after  a  while  combine  with  and  destroy  the  lymph 
globules,  but,  on  the  contrary,  preserve  entire  the  blood-corpuscles.  The  result 
of  his  inquiry  is  that  the  globules  of  the  lymph,  of  the  thymous  fluid,  and  of  the 
chyle  have  the  same  chemical  characters  (See  Gerb.  Anal,  App.  p.  79) ;  but  these 
globules  differ  in  some  respects  from  the  nuclei  of  the  blood-corpuscles     R.  W.] 
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the  same  essential  chemical  constitution  as  the  nuclei  of  the  blood- 
corpuscles  when  they  occur.  The  haematin  or  red  colouring  mat- 
ter of  the  blood  is  entirely  absent  in  the  true  lymph-corpuscle  "^ 

The  fluid  of  the  lymph,  besides  water,  contains  fibrine  and  albu- 
men as  essential  ingredients ;  also  animal  extractive  (osmazome  and 
ptyalin),  fat  and  a  variety  of  salts — carbonate,  sulphate,  and  lactate 
of  potash  and  soda,  chloride  of  sodium,  chloride  of  potassium,  phos- 
phate and  sulphate  of  lime,  and  a  trace  of  oxyde  of  iron.  The 
quantitative  relations  of  these  various  constituents  in  the  human 
lymph  according  to  Marchand  and  Colberg  are  the  following : 

Water 96,926 

Fibrine 0,520 

Albumen           -            -            -            -            .  0,434 

Osmazom  (and  loss)                  ...  0,312 

°"y^^*  1  .  .  .  .  0264 

Crystalline  fat  J  "'^^ 

Chloride  of  sodium  and  of  potassium,  carbonate  and 

lactate  of  potash,  sulphate  and  phosphate  of  lime, 

and  oxyde  of  iron  -  -  .  1,544 


100,000 

The  proportions  of  these  constituents  are  not  however  always  the 
same ;  experiments  upon  animals  have  shown  that  they  difler,  first, 
according  to  the  organ  from  which  the  lymph  is  obtained ;  and 

^^  In  Bome  earlier  experiments  I  found  that  the  envelopes  of  the  lymph-cor- 
puscles of  the  dog  were  dissolved  in  acetic  acid,  whilst  the  suhstance  of  the 
nucleus  was  not  attacked  by  this  reagent  (vide  Vogel,  Physiol,  patholog.  UfUers. 
uber  Eiter^  ffc.  Erlang.  1838,  S.  86).  The  lymph  of  several  organs,  particu- 
larly of  the  spleen,  is  commonly  enough  of  a  reddish  tint,  and  according  to 
Gmelin  contains  the  true  red-colouring  matter  of  the  blood.  That  this  is  in 
combination  with  the  lymph-corpuscles  does  not  appear  to  me  probable ;  but 
whether  the  colour  depends  on  admixed  blood-corpuscles  or  upon  a  solution  of 
their  colouring  matter  in  the  liquor  lymphse,  I  cannot  take  upon  me  to  say.  [The 
spleen  is  in  great  part  composed  of  pale  corpuscles  scarcely  to  be  distinguished 
fix>m  those  of  the  lymph.  The  chemical  characters  of  the  splenic  and  lymphatic 
globules  are  the  same,  and  the  only  appreciable  difference  is  that  the  globules  of 
the  spleen  are  a  little  more  irregular  in  shape  and  size  than  those  of  the  lymphatic 
glands.    6.  G.] 
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secondly,  that  they  vary  according  to  the  quality  and  quantity  of 
the  food  that  is  consumed  ^* 

The  fibrine  of  the  lymph  coagulates,  like  that  of  the  blood,  when 
the  fluid  is  removed  from  the  containing  vessels.  The  coagulum 
of  the  lymph,  however,  does  not  generally  form  a  proper  firm  clot 
like  that  of  the  blood,  but  at  the  most  an  extremely  delicate  or 
arachnoidal  mass  in  which  the  lymph-corpuscles  are  included.  The 
serum  of  the  lymph  reacts,  like  that  of  the  blood,  pretty  strongly  in 
the  manner  of  alkalis  upon  vegetable  pigments,  a  property  which 
depends  on  the  alkaline  carbonates  it  contains, 

§  105.  The  chemical  composition  of  the  chyle,  despite  the  many 
researches  we  possess  (by  Tiedemann  and  Omelin,  Leuret  and 
Lassaigne,  Prout,  Brande,  Reuss  and  Emmert)  is  still  all  but  en- 
tirely unknown.  A  connected  satisfactory  view  of  its  composition 
is  therefoTC  impossible  at  the  present  moment ;  the  statements  of  each 
and  all  of  the  experimenters  mentioned  are  too  defective,  and  mutually 
contradictory.    What  is  actually  known,  however,  is  as  follows: 

The  chyle  of  the  lacteals  at  their  origin,  immediately  after  its  ab- 
sorption from  the  intestine,  has  not  yet  been  chemically  examined 
with  due  care.  It  has  commonly  a  white  colour  and  milky  appear- 
ance, which,  according  to  Tiedemann  and  Omelin »  depend  on  the 
presence  of  suspended  oil-globules.  It  does  not  coagulate  on  ex- 
posure to  the  air  when  removed  from  the  vessels,  and  therefore  con- 
tains no  fibrine.  What  chemical  constituents  it  may  contain  has  not 
yet  been  ascertained,  to  the  best  of  my  knowledge ;  even  the  corpuscle 
of  the  chyle  has  not  yet  been  examined  chemically*^.   The  question 

^^  The  fofegoing  analysis  of  the  human  lymph  by  Marchand  and  Colberg,  is  the 
only  one  we  poflseas.  The  lymph  was  obtained  from  a  sore  upon  the  dorsum 
of  the  foot  which  had  obstimitely  resisted  all  the  means  used  to  heal  it  up 
(Mttller*s  Archiv,  1838,  S.  129).  The  quantity  of  fibrine  is  certoinly  too  great. 
The  entire  coagulum^  which  undoubtedly  contained  lymph-corpuscles  entangled 
with  it,  is  set  down  as  fibrine.  [I  should  say  that  the  analysis  was  rather  that 
of  an  ichor  or  discharge  from  an  open  sore  than  of  the  lymph  as  we  conceive  it 
flowing  in  its  appropriate  canals.  R.  W.]  In  the  lymph  of  the  horse  Lassaigne 
found: — ^Water,  92,500;  fibrine,  0,330;  albimien,  5,736;  salts,  1,434.  In  the 
lymph  of  the  frog  MUller  once  foimd  more  than  1  per  cent,  of  fibrine ;  the 
lymph  of  frogs  that  had  been  kept  long  ftsting  on  the  contraiy  contained  no 
fibrine — ^it  no  longer  coagulated.  The  statements  in  the  text  are  to  be  taken 
M  eq>ecially  applicable  to  the  lymph  of  the  extremities  and  of  the  thoracic 
duct.  The  chyle  of  the  intestinal  canal  is  otherwise  constituted ;  occasion 
to  speak  of  this  will  be  found  when  digestion  is  the  subject  of  consideration. 

***  [Mr.  Gulliver's  observations  on  this  subject  are  worthy  of  attention.    As 

Y 
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— ^whetker  the  food  which  has  undergone  solution  and  chemical  change 
in  the  stomach  is  taken  up  by  the  beginnings  of  the  lacteal  vessels, 
as  it  is,  or  whether  it  suffers  a  farther  change  during  the  transference^ 
cannot  consequently  be  answered.  There  are  but  two  experiments 
of  Tiedemann  and  Omelin  that  bear  on  the  point.  They  found 
that  the  chyle  of  an  animal  which  had  been  fed  on  butter  was  richer 
than  usual  in  fat,  and  that  the  chyle  of  a  dog  which  had  been  fed  on 
starch,  contained  sugar.* 

These  statements  are  all  obviously  in  favour  of  the  absorption  of 
the  fluid  parts  of  the  chyme  unaltered ;  but  they  will  probably  be 
held  as  very  far  from  conclusive  on  the  matter.  They  are  the  soli- 
tary observations  we  possess  that  the  chyle  varies  with  the  qualities 
of  the  food ;  all  other  observations,  those  of  Tiedemann  and  Gmelin 
inclusive,  extend  no  farther  than  an  indication  of  the  different 
colour  and  general  appearance  of  the  chyle,  from  which  no  satisfac- 
tory inferences  can  be  drawn  with  regard  to  chemical  composition 
especially.  The  chyle  is  alkaline,  whilst  the  chyme  contains  free 
adds  ;  it  is  unknown  how  this  difference  of  chemical  constitution  is 
brought  about. 

As  the  chyle  advances  along  the  lacteal  vessels,  as  it  passes  through 
the  mesenteric  glands  and  finally  reaches  the  thoracic  duct,  it  undoubt- 
edly undergoes  chemical  changes  and  becomes  ever  more  and  more 
like  blood.  It  now  coagulates  spontaneously,  and  therefore  contains 
fibiine ;  its  serum  also  sets  in  a  greater  or  less  degree  under  the  agency 
of  heat,  and  consequently  contains  albumen.  Upon  this  interesting 
topic  there  are  unfortunately  many  gaps  in  the  researches  of  Tiede- 

already  noticed,  he  could  find  no  difference  between  the  chemical  characters  of 
^the  globules  of  the  chyle  and  lymph.  He  occasionally  saw  a  delicate  coagulum 
in  chyle  fix>m  the  peripheral  lacteals.  See  his  Observations  on  the  Chyle,  &c.  in 
the  Appendix  to  Gerber*s  Anatomy,  Lond.  1841.  See  also  the  able  article, 
Lymphatic  and  Lacteax  Ststem,  by  Mr.  Lane,  in  the  Cych^cedia  ofAnaL  and 
Physiol,  where  there  is  an  analysis  of  the  chyle  by  Dr.  G.  O.  Rees.    R.  W.] 


*  Brande  also  states  that  he  had  discovered  sugar  of  milk  in  the  chyle,  Ber* 
zelius  ThiercheTnie^  alte  Aufl.  S.  273,  [and  Grerber  (Cfenend  Anat.  p.  60)  tells 
us  that  upon  one  occasion  he  discovered  starch  in  the  chyle  of  a  horse  by  the 
ordinary  iodine  test.  My  friend  Mr.  Gulliver  informs  me,  however,  that  he  has 
searched  for  starch  in  the  chyle  of  dogs  fed  upon  amylaceous  matters,  but  in 
vain.     R.  W.] 
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mann  and  Gmelin :  several  timea  they  state  that  the  serum  of  the 
chyle  is  completely  or  incompletely  coagulated  hy  heat ;  but  in  the 
majority  of  instances  there  is  no  mention  made  of  the  matter,  so 
that  we  are  in  ignorance  whether  they  failed  to  discover  albumen, 
having  sought  for  it,  or  whether  they  did  not  think  of  looking  for  it 
at  all.  The  chyle  in  this  part  of  its  course  is,  farther,  commonly 
enough  of  a  reddish  colour,  and  therefore  contains  the  colouring 
matter  of  the  blood.  (Tiedemann  and  Gmelin's  test  for  this  substance, 
sulphuretted  hydrogen,  which  turns  hsematin  green,  is  not  altogether 
to  be  depended  on.}  The  quantities  of  these  three  substances  con- 
tained in  the  chyle  are  so  variable  that  it  were  useless  to  give  the 
results  of  the  various  quantitative  analyses  that  have  been  published. 
How  or  in  what  way  is  this  chemical  change  effected  in  the  chyle  ? 
This  question  has  hitherto  only  been  answered  by  hypothesis.  The 
reply  to  it  indeed  presents  a  kind  of  two-fold  dif&culty,  for  we  have 
not  yet  any  precise  information  as  to  what  this  change  consists  in 
--comparative  quantitative  researches  on  the  altered  and  unaltered 
chyle  are  still  desiderata.  1.  The  change  is  effected  by  means 
of  a  biochemical  action  of  the  walls  of  the  lacteal  vessels,  and 
particularly  of  the  lymphatic  glands,  upon  the  chyle.  It  was 
supposed  that  the  fibrinous  contents  of  the  chyle  could  be  accounted 
for  in  this  way,  a  portion  of  the  albumen  of  the  fluid  being  presumed 
to  be  gradually  changed  into  fibrine.  S.  The  change  is  effected  by 
the  action  of  certain  substances  separated  from  the  blood.  S.  The 
contents  of  the  chyle  in  regard  to  fibrine,  albumen  (i)  and  colouring 
matter,  depend  on  admixed  lymph.  This  last  view  is  plainly  untena- 
ble ;  for  were  it  even  allowed  that  some  small  portion  of  the  whole 
amount  of  each  of  the  three  principles  discovered  in  the  chyle  was 
derived  firom  mingled  lymph,  the  largest  portion  must  still  be  held 
as  derived  from  the  aliment ;  what  were  the  object  of  the  chyle  at 
all,  did  it  contribute  nothing  towards  the  supply  of  the  constituent 
elements  of  the  blood  ?  or  shall  we  suppose  that  the  assimilation  is 
first  accomplished  in  the  blood  itself,  particularly  in  its  passage 
through  the  lungs,  as  some  writers  have  maintained  ?  My  own  opi- 
nion is,  that  the  matters  consumed  as  food  undergo  no  such  great 
change  as  is  commonly  believed.  TTie  aliment  of  man  and  of  the 
greater  number  of  animals  contains  fibrine,  albumen,  fat,  even  the 
red  colouring  matter  of  the  blood,  in  a  word,  the  greater  number  of 
the  constituents  of  the  blood ;  these  are  dissolved  in  tha  stomach 
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without  suffering  particular  change  in  their  chemical  composition. 
The  assumption  that  albumen,  for  instance,  should  become  changed 
into  osmazome  and  ptyalin,  is  obviously  a  backward  step  in  the 
knowledge  we  have  of  the  processes  of  digestion  and  nutrition. 
But  the  alimentary  matters  dissolved  in  the  stomach  require  to  ex- 
perience no  very  great  amount  of  chemical  change  to  pass  into  con- 
stituents of  the  blood ;  the  greater  number  of  the  constituents  of 
the  food  of  man  and  animals  belong  to  the  family  of  protein-com- 
pounds, which  have  an  uniform  and  precisely  similar  elementary  com- 
position. The  vegetable  albumen  which  is  so  main  an  ingredient  in 
seeds  of  every  description,  and  particularly  in  those  of  the  cerealea,  is 
referable  to  the  class  of  protein-compounds,  and  according  to  Mulder, 
is  almost  identical  with  animal  albumen.  The  formation  of  the  chyle 
[and  from  this  of  the  blood  and  the  entire  body]  is,  it  must  be  al- 
lowed, much  more  difficult  of  explanation  in  the  graminivorous 
animals,  [and  in  those  that  live  on  the  saccharine  principle,  of 
which  there  are  whole  tribes.]  We  shall  probably  only  under- 
stand this  difficult  matter  when  we  shall  have  fathomed  the  pro- 
cess by  which  vegetables  form  albumen  from  matters  that  contain  no 
azote***. 

^*  [The  very  recent  researches  of  Liebig  and  his  school  have  throvn  the 
greatest  light  upon  almost  eveiy  one  of  the  topics  hmted  at  in  the  preceding 
paragraph.  Vegetables  appear  to  be  the  creators  or  compounders,  animals  the 
destroyers  or  decompounders,  in  the  organic  realm  of  nature.  Animals  are 
in  fine  universally  dependent  on  vegetables  for  every  principle  that  enters  into  the 
constitution  of  their  bodies,  either  deriving  these  principles  from  the  vegetables 
on  which  they  live  immediately,  or  procuring  them  mediately  through  the 
body  of  another  animal,  having  no  power  of  forming  anything,  but  merely 
of  appropriating.  Vegetables,  again,  under  the  influence  of  the  8un*s  light, 
decompose  the  carbonic  acid  which  is  thrown  off  so  abundantly  by  animals, 
and  is  a  regular  constituent  of  the  atmosphere,  fixing  the  carbon,  that  prin- 
cipal ingredient  in  their  constitution,  and  setting  free  the  oxygen.  Vege- 
tables, moreover,  have  the  power  of  fixing  azote  either  directly  from  the 
atmosphere,  or  more  commonly  by  abstracting  this  element  from  nitrogenous 
compounds,  especially  the  salts  of  ammonia,  which  are  evolved  so  copiouslj  by 
the  decomposition  of  the  effete  matters  and  dead  bodies  of  animals.  Vegetables, 
in  short,  do  not  form  their  azotised  principles,  which  are  found  to  be  much  more 
constantly  and  copiously  present  in  their  composition  than  was  once  supposed, 
from  matters  that  contain  no  azote ;  they  require  supplies  of  aliment  as  much  as 
animals.  It  is  most  interesting  to  know  that  the  whole  of  those  principles  which  are 
most  uuiyersally  used  as  food  by  animals — vegetable  albumen,  legumen  or  vege- 
tAblo  casein,  and  gluten  or  vegetable  fibrine,  have  all  precisely  the  same  elemen- 
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CHAPTER  IL 

OF  THE  CIRCULATION  OF  THE  BLOOD  AND  THE  VASCULAR  SYSTEM. 

General  Cofuiderations. 

5  106.  The  juice  or  fluid  which  is  separated  from  the  food  by  the 
process  of  digestion, — the  chjle,  and  the  lymph  and  proper  blood, 
are  distributed  to  every  part  of  the  body  through  appropriate  chan- 
nels, and  so  brought  into  contact  with  all  the  organs  and  their  ele- 
ments. This  distribution  of  the  nutritive  fluid  is  spoken  of  under 
the  general  title  of  The  Circulation  of  the  Blood;  the  organs  and 
canals  by  means  of  which  and  through  which  it  is  accomplished 
constitute  the  vascular  system.  It  is  of  peculiar  importance  to  be 
familiar  with  the  general  morphology  of  the  vascular  system  in  the 
animal  series  ;  it  is  by  a  study  of  this  kind  that  we  become  acquaint- 
ed with  the  individual  elements  from  which  the  vascular  system  of 
man  and  the  higher  vertebrata  is  compounded*'^. 

taiy  composition  as  the  corresponding  animal  principles,  or  as  dry  muscular  flesh 
or  blood ;  they  consist  sevemlly  of  about  54  carbon,  15  azote,  from  6  to  7 
hydrogen,  and  from  21  to  23  oxygen,  phosphorus  and  sulphur  in  100  parts. 
Animals,  consequently,  even  when  herbivorous,  receive  the  constituents  of  their 
bodies  ready  prepared  for  them ;  they  but  appropriate,  they  compose  nothing. 
The  carbon  which  is  so  essential  an  article  of  aliment,  and  of  which  the  grand 
representatives  in  the  food  of  man  and  animals,  are  starch,  sugar,  and  oil  or  &t, 
is  principally  used  up  in  respiration;  it  is  literally  burned  in  the  animal 
body  as  coal  or  coke  is  in  a  fbmace,  and  with  the  same  effect,  the  evolution  of 
heat,  whilst  it  is  converted  into  carbonic  acid.  The  azotised  elements  of  food 
again  go  to  the  constitution  of  flesh,  membranes,  ligaments,  &c.,  and  as  change 
is  the  condition  connected  with  the  manifestations  of  life,  seem  to  be  princi- 
pally eliminated  in  the  shape  of  urea  by  the  kidney.     R.  W.] 

^^  Thediscoveiy  of  the  circulation  of  the  blood  is  the  line  of  demarcation  between 
the  old  and  the  new  physiology.  William  Harvey  is  universally  acknowledged  to 
have  been  the  discoverer  of  the  circulation.  After  testing  his  discovery  in  many 
ways  for  a  number  of  years,  he  announced  it  publicly  in  his  lectures  delivered  in 
London  in  1619,  and  in  1628  it  was  made  known  to  the  world  at  large  by  the  medium 
of  the  press,  he  having  published  his  work  entitled  ExercitaUo  Anatomica  de  motu 
Cordis  et  Sanguinis  in  Animaldm$^  at  Frankfort  in  the  course  of  that  year. 
Malpighi  was  the  first  who  actuaUy  mow  the  circulation  of  the  blood  in  the  lung 
of  the  frog  placed  under  the  microscope, — De  Pubnanibus,  EpistoUs  dua^  ad 
Bor^Uttm^  Bonon.  1661.  Among  the  more  recent  works  which  treat  especially  or 
exclusively  of  the  circulation,  the  following  deserve  particular  mention :  DoUinger, 
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Fcucular  System  of  Vegetables* 

§  107.  AH  the  nutritive  matter  which  vegetables  assume  is  dis- 
solved in  water,  is  absorbed  by  the  root,  and  rises  from  cell  to  cell 
to  every  part  of  the  plant.  The  dissolved  substances  remain  in 
the  body  of  the  plant,  whilst  the  menstruum  in  which  they  are  dis- 
solved, the  water,  is  in  great  part  thrown  off  or  dissipated  by  exha^ 
lation.  The  juice  that  circulates  in  this  way  is  spoken  of  as  the 
crude  sap^eaiA  in  the  most  perfect  plants,  or  those  in  which  the  bark 
and  woody  body  are  separate  and  distinct,  it  ascends  from  the  roots 
to  the  extreme  parts  through  the  latter.  According  to  older  but 
now  disputed  views,  the  sap,  after  having  reached  the  extreme  parts 
of  the  plant,  proceeded  in  a  retrograde  course  through  the  bark. 
The  ascent  of  the  sap  takes  place  most  vigorously  in  the  early  spring, 
and  in  no  vegetables  more  strikingly  than  in  the  birch  and  vine,  in 
either  of  which  a  wound  or  a  branch  cut  across  pours  out  a  profu- 
sion of  the  nutrient  fluid,  the  stream  flowing  from  the  divided  cells, 
but  still  more  from  the  spiral  vessels.  At  a  later  period,  when  the 
leaves  are  fully  expanded,  the  spiral  vessels  are  found  empty  or  con- 
taining but  very  little  sap.  In  those  vegetables  that  have  no  absorb- 
ing roots,  such  as  lichens,  algae  &c.,  the  sap  is  taken  in  from  the 
surrounding  medium  by  the  entire  surface,  and  is  then  conducted 
away  from  cell  to  cell. 

Besides  this  general  permeation  of  the  whole  elementary  struc- 
tures of  vegetables  by  the  crude  sap,  there  are  other  especial  circu- 

On  the  Circulation  of  the  Uood  (  Ueher  den  Kreidauf  de$  BltUes ;  in  DenJuckr,  der 
Munchner  Akademie^  Bd.  viii.,  1820) ;  Oesterreicher,  An  Essay  totoards  an  JEx* 
position  of  the  Doctrine  of  the  Circulation  (  Versuch  einer  DarsteUung  der  Lehre 
vom  Kreislaufe  des  Blutes ;  NUrnbeig,  1826J ;  Wedemeyer,  Researches  on  the 
Circulation  of  the  Blood  (Untersuchungen  iiber  den  Kreidaufdes  Bluis,  Hannov. 
1828).  The  two  most  important  works  of  the  day,  both  of  which  contain  ex- 
cellent plates,  are  Dr.  M.  Hall*8  Critical  and  Hxperimenial  Essay  an  the  Ctrcu" 
lotion  of  the  Bloody  Lond.  1831,  and  Schultz's  SyHem  of  the  Circulation  (System 
der  Circulation,  Stuttg.  1836).  In  thefollowmg  ezpontion  I  make  abstraction 
in  as  great  a  degree  as  possible  of  all  inquiries  into  the  causes  and  means  by 
which  the  circulation  of  the  blood  is  effected,  and  the  phenomena  immediately 
connected  with  these,  such  as  the  motions  of  the  heart,  the  pulse,  &c.,  &c.,  con- 
ceiving that  this  portion  of  the  subject  will  be  more  naturally  treated  of  in  con- 
nection with  the  organs  of  motion,  and  as  it  is  obviously  without  peculiar  intcictt 
in  the  consideration  of  the  processes  of  nutrition. 
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latory  or  rotatory  phenomena  going  on  in  the  interior  of  the  particu- 
lar oellsi  which  appear  to  stand  in  the  most  immediate  relationship 
with  the  assimilatory  processes  of  vegetables.  This  rotation  of  the 
sap  is  particularly  distinct  and  remarkable  in  the  different  species 
of  Chara,  which  are  <;omposed  of  a  series  of  simple  superimposed 
cells.  Here  the  numerous  larger  and  smaller  globules  whidi  are 
contained  in  the  sap  are  seen  to  rise  along  one  side  of  a  cell,  to  turn 
round  at  the  roof,  to  descend  along  the  opposite  side,  to  proceed 
along  the  floor  and  again  to  join  the  ascending  stream.  All  the 
while  neither  contraction  of  the  parietes  of  the  cell,  nor  ciliary 
movement  of  any  kind,  can  be  detected  as  the  efficient  cause  of  the 
current.  Similar  phenomena  have  lately  been  observed  in  many 
other  vegetables,  the  motions  extending  even  into  the  finest  articu- 
lated hairs,  so  that  the  majority  of  plants  appear  to  have  a  circula- 
tion of  the  sap  appropriate  to  each  particular  cell. 

The  third  kind  of  motion  of  the  sap  is  that  which  is  entitled  Cy- 
clasis,  and  bears  reference  to  the  motion  of  the  cafMum^  or  milky 
juice,  a  vital  fluid  analogous  to  the  blood  of  animals,  and  prepared  in 
all  probability  from  the  crude  sap.  This  circulation  is  to  be  ob- 
served most  readily  and  distinctly  in  plants  that  have  opaque  milky 
juices,  such  as  the  greater  celandine,  (Chelidonium  majus),  the  fig, 
&c  The  cambium  moves  in  peculiar  vessels,  formed  of  extremely 
delicate  and  transparent  membranes,  which  branch  off  or  ramify 
like  the  blood-vessels  of  animals,  and  anastomose  freely  with  one 
another.  The  distribution  of  these  vessels  is  particularly  obvious 
in  the  leaves.  The  continuity  of  the  vessels  that  circulate  the 
cambium  through  the  entire  vegetable  has  not  yet  been  satisfactorily 
demonstrated ;  but  it  has  very  recently  been  maintained  that  the 
cambium  ascends  in  a  few  principal  trunks,  which  run  parallel  to 
one  another  in  the  circumference  of  the  stem,  from  the  roots  to  the 
leaves,  that  it  comrses  through  the  innumerable  ramifications  in 
these,  and  returns  through  their  finest  subdivisions  to  make  its  way 
into  larger  vascular  trunks,  which  run  down  the  stem,  and  from  this 
lead  back  to  the  roots,  all  the  divisions  of  which  they  follow ;  here 
the  cambium  receives  an  accession  of  crude  sap,  and  then  the  circula- 
tion begins  anew. 

§  108.  It  would  appear,  then,  according  to  the  views  now  en- 
tertained by  phytologists,  that  there  are  three  motions  of  the  sap  in 
vegetables :  1st,  yjf  motion  of  the  crude  sap,  which  consists  principally 
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of  water,  loaded  with  the  soluble  matters  that  are  contained  in  the 
humusy  which  is  taken  up  by  the  root  or  the  surface  generally, 
which  spreads  through  the  entire  parenchyma,  ascending  and  then 
evaporating  in  very  great  measure  in  the  leaves,  and  also  again 
descending  in  part  within  the  cells  of  the  alburnum.  8nd,  A  motion 
of  a  tap  proper  to  the  celle,  a  circulation  restricted  to  each  individual 
cell,  of  the  description  already  indicated.  Srd,  A  circulation  of  the 
cambium,  which  goes  on  in  a  special  system  of  vessels,  analogous  to 
those  of  animals,  and  distributed  through  the  entire  plant.  In  what 
relationship  these  three  apparently  principal  motions  of  the  sap  stand 
(o  one  another,  and  what  their  import  may  be  with  reference  to 
the  assimilatory  process  in  vegetables,  are  points  that  have  not  at 
the  present  hour  been  explained.  It  is,  however,  of  particular  in- 
terest as  regards  animal  physiology,  that  in  vegetables  there  is,  1st, 
A  regular  motion  of  fluids  independently  of  the  agency  of  any  special 
motory  organ,  such  as  heart,  cilia,  &c. ;  and  2nd,  That  the  composi- 
tion and  distribution  of  the  juices  bear  very  decided  analogies  to 
those  of  the  chyle  and  the  blood^. 

'^  The  accounts  we  find  in  the  writings  of  phyto-physiologists  of  the  motioas 
of  the  sap  are  highly  contradictory  and  puzzling.  The  best  general  views  we 
possess  are  probably  those  given  by  Bischoff  in  his  Elements  of  Botany  (Lehrhuck 
der  Botamk^  B.  2.  S.  260),  where  the  known  and  approved  observations  are  ex- 
posed with  much  brevity ;  and  by  Mey en  in  his  New  SyUem  of  Vegetable  Phymotogn 
(Neues  System  der  PflanzenphysiologieJ,  where  numerous  original  observatioiis 
are  contrasted  with  various  others  of  older  date.  The  crude  sap  and  its  ascent 
were  well  known  to  the  old  enquirers;  the  saccharine  juice  of  the  birch  and 
maple,  which  may  be  collected  in  large  quantity  in  the  spring  season  before  the  un- 
folding of  the  leaves,  by  perforating  the  trunk  of  the  tree,  is  regarded  as  a  crude 
juice,  which  has,  however,  already  undergone  some  change  in  the  course  of  its 
ascent.  The  sap  of  the  vine  is  perfectly  limpid,  almost  tasteless,  very 
watery,  and  flows  in  the  spring  before  the  leaves  have  burst,  from  every  wounded 
part  of  the  plant  in  great  abundance.  The  superfluous  water  evaporates  in  the 
leaves;  the  nutritive  matter,  extract  of  humus,  which  consists  in  great  part  of 
carbonic  acid,  remains  behind.  Under  an  elevated  temperature  and  sunshine 
the  ascent  of  the  sap  goes  on  more  rapidly  than  in  cool  and  cloudy  weather.  Id 
the  cellular  plants — mosses,  lichens,  &c. — an  ascent  and  retrograde  motion  of  the 
sap  has  not  been  observed  with  certainty ;  neither  has  anything  of  the  kind  been 
seen  in  cryptogamic  vascular  plants,  the  monocotyledones  and  herbaceous  dicotyie- 
dones.  On  the  other  hand,  it  used  to  be  universally  admitted  that  in  the  dico- 
tyledonous trees  and  shrubs,  in  which  wood,  alburnum,  and  bark  are  always  ^- 
tinctly  separate,  the  ascent  of  the  sap  took  place  principally  in  the  wood,  the 
descent  in  the  cortical  parts — ^the  alburnum  and  proper  bark.    But  Meyeh  will 
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Morphology  of  the  Vascular  System  in  the  Animal  Kingdom. 

§  109.  The  general  morphology  of  the  vascular  system  of  animals 
supplies  us  with  many  interesting  subjects  of  contemplation.     It 

not  allow  that  this  descent  or  reflux  of  the  sap  is  in  any  way  proven ;  on  the  con- 
trary, he  maintains  it  to  be  very  improbable.    It  would  nevertheleas  appear  that 
the  elongated  sap  cells  of  the  alburnum  contain  a  more  highly  organized  nutritive 
sap  (cambium).    It  is  extremely  interesting  to  watch  the  motion  of  the  sap  in 
the  elongated  and  somewhat  spirally  twisted  canals  of  the  cells  of  the  chara  flexilis 
and  chara  vulgaris.      Corti  discovered  this  phenomenon  in  1772.    Osserv,  micros, 
saBa  TremeUa  e  suBa  circolazume  delfltddo  invnapianta acquajuola,  Lucca,  1774. 
It  has  been  frequently  described  since ;  particularly  by  Amici,  in  his  Obs.  micros, 
ssr  diverges  especes  de  plantes^  in  the  Asm.  de$  Sciences  not.  ii.  p.  41  (1824)  from 
the  Ata  deUa  Societa  ItaUanOj  T.  xix. ;  by  Agardh  in  his  paper  on  the  Anatomy 
and  the  circulation  of  the  Chara  in  Nov,  Act  Acad,  Leopold.  Nat,  curios,  vol.  xiiL 
P.  L  p.  115. ;  and  by  Bischoffin  the  first  number  of  his  work  on  the  Cryptogamia 
(Kryptogctmische  OewachseJ,  This  peculiar  circulation  is  visible  in  almost  every 
part  of  the  chara,  particularly  when  the  temperature  is  genial,  but  the  rotation  of 
the  sap  within  the  cells  is  most  beautifully  displayed  in  the  very  delicate  hairs 
of  the  roots.     Meyen  (loc.  cit.  iL  207)  has  given  a  good  account  of  the  different 
phases  and  conditions  of  the  phenomenon,  and  also  of  the  numerous  researches  of 
different  observers.      Motions  similar  to  those  of  the  Chara  have  been  recently 
discovered  in  the  Yallisneria,  Najas,  and  partic\ilarly  in  the  hairs  at  the  bases  of  the 
anthers  of  the  Tradescantia  Yirginiana.  Here  there  is  not  merely  a  simple  stream 
in  each  cell  perceived;  the  stream  divides  into  many  small  branches,  which  again 
unite  with  the  principal  stream.   Schleiden  (Linnsea,  1837,  S.  527)  discovered  in 
the  cells  of  theendospermium  of  the  Ceratophylli  a  peculiar  cellular  circulation 
not  of  the  usual  general  parietal  kind ;  the  stream  rose  from  the  bottom  of  the 
cell  like  a  jet  tteau,  and  divided  on  the  roof  into  innumerable  fine  and  scarcely 
risible  branches,  which  fell  down  again  upon  the  wall,  to  unite  once  more  below 
with  the  principal  ascending  current.    Meyen  maintains  that  rotations  of  the 
cellular  sap  of  vegetables  are  by  no  means  restricted  to  those  that  have  been 
particularly  indicated  as  exhibiting  them,  but  may  be  seen  in  the  delicate  and 
transparent  parts — ^the  hairs  of  the  radicles,  for  example,  of  all  the  higher  and 
even  of  many  of  the  lower  vegetables.    The  milky  juice  (cambium)  appears  to 
be  prepared  in  the  leaves  from  the  crude  sap,  and  fix>m  them  to  be  transmitted 
to  the  wider  canals,  entitied  si^  ducts,  which  course  between  the  cells,  not  only 
of  the  bark  and  alburnum,  but  of  the  interior  of  the  stem,  also  in  the  leaf  stalks 
and  ribs,  and  firequentiy  communicate  by  means  of  transverse  canals.    The  cam- 
bium contains  globules,  and  is  an  emulsion  in  water  of  finely  divided  resinous 
and  oily  substances,  the  vehicle  at  the  same  time  holding  various  salts  in  solu- 
tion.   It  is  sometimes  deeply  coloured,  of  a  deep  yellow,  for  example  in  the 
celandine,  reddish  in  the  sanguinaria,  brownish-green  in  hortulaca  oleracea, 
more  or  less  white  and  opaque  in  a  great  number  of  plants,  as  in  the  figs,  eu- 
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may  be  said  that  two  principal  fonna  of  the  vascular  system  are 
encountered  in  the  animal  serieS|  each  of  which  resolves  itself  into 
several  sub-divisions. 

I.  Mere  Chyle^  not  proper  blood,  circulates  in  a  vascular  system 
of  very  various  structure.  This  is  the  circulation  that  obtains 
in  the  invertebrate  series  of  animals. 

II.  Proper  Bloody  a  red  coloured  fluid  containing  characteristic 
corpuscles,  circulates  through  a  vascular  system  consisting  of  a 
heart,  arteries,  veins,  lacteals  and  lymphatics.     This  is  the  circula- 
tion that  obtains  universally  in  the  vertebrate  series.     The  inverte- 
brata,  again,  fall  into  three  groups,  in  conformity  with  their  phy- 
siological relations   to  the  circulating  system.     1.  Animals  having 
simple  chyliferous  vessels,  taking  their  rise  from  the  stomach  and 
being  distributed  to  the  substance  of  the  body  without  any  trace  of 
a  heart,  the  nutritive  fluid  here  consisting  of  a  lymph  having  ir- 
regular granules  mingled  with  it,  and  being  carried  along  by  ciliary 
motions, — by  the  action  of  cilia  attached  to  the  parietes  of  the 
vessels.    To  this  first  group  belong,  according  to  present  observa- 
tion, polypi,  medusas,  and  many  worms,  particularly  the  Entozoa. 
S.  Animals  in  which  the  chyle,  transuding  the  intestine,  bathes  all 
the  viscera  of  the  body,  and  is  then  collected  into  a  dorsal  vessel  (a 
heart)  furnished  with  lateral  clefts  for  its  reception,  from  which  it 
is  again  shed  into  the  various  cavities  of  the  body  through  a  simple 
or  ramified  principal  trunk.     To  this  subdivision  appertain  insects 
of  every  kind,  and  a  portion  of  the  myriapods  and  crustaceans. 
3.   Animals  with  closed  anastomosing  vessels,  analogous  to  arteries 
and  veins,  with  superadded   pulsatory  muscular  sacs  or  pouches 
(hearts),  which,  however,  circulate  chyle,  not  true  blood.    In  this 


phorbias,  poppies,  &c.  Dr.  E.  H.  Schulz  was  the  discoverer  of  the  circulation 
of  the  cambium,  which  he  described  at  a  later  period  uoder  the  title  of  Cyclosb. 
(Schulz  Ueber  den  KreuHaaf  des  Softs  im  SchoUkrautt  Berl.  1822.  Ueber  den 
KreUlauf  des  Saftes  in  den  Pflanzen,  Berl.  1824.  IHe  Natur  der  lebend^en 
Pflame^  Berl.  1828).  This  circulation  of  the  cambium  is  best  seen  by  haTing 
a  plant  of  the  larger  celandine  in  a  pot,  and  bringing  the  under-surface  of  the 
extremity  of  a  leaf  covered  with  a  glass  plate  under  the  microscope  in  a  bright 
light.  The  vessels  follow  the  divisions  of  the  leaf-ribs.  A  power  of  two  hundred, 
with  an  aplanatic  eye-piece  where  possible,  is  quite  sufficient  to  bring  the 
phenomenon  into  view. 
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8ubdivisioii  we  find  all  the  mnlhiscsy  the  greater  number  of  the 
crustaceans  and  arachnidans^  and  perhaps  the  echinodermata. 

Vascular  System  of  Invertebrate  jinimals^^, 
$  110.  The  simplest  form  of  a  circulation  of  fluids  occurs  un- 
doubtedly in  Polypes,  MEDUSiB^  and  Worms  ;  in  Infusories  the 
vascular  system  is  not  yet  known.   In  the  common  polype,  the  simple 
stomach  or  general  cavity  of  the  body  is  prolonged  into  the  arms, 
and  the  chyme  permeates  the  canals  so  formed,  being  carried  to- 
wards the  periphery  by  cilia  disposed  along  one  side  of  the  canals, 
and  acting  in  this  direction,  and  returned  again  to  the  general 
cavity  of  the  stomach  by  cilia  disposed  along  the  opposite  side  of 
the  canals  and  acting  towards  the  centre^.     In  other  polypes, 
where  the  stomach  and  intestine  are  shut  off  from  the  common 
cavity  of  the  body,  the  chyle-corpuscles  can  be  seen  carried  along 
the  internal  parietes  of  the  body  to  the  extreme  ends  of  the  feathery 
arms,  where  they  turn  round  and  begin  to  make  their  way  back 
again,  the  motion  being  effected  by  the  action  of  the  cilia  with 
which  the  whole  inner  aspect  of  the  animal  is  thickly  beset''^.    The 
same  thing  precisely  takes  place  in  many  medusas,  in  which  the 
chyle  is  distributed  from  the  stomach  in  radiated  canals  to  a  marginal 
vessel,  from  whence  it  returns  to  the  stomach  by  the  same  channels 

"^  It  is  very  interesting  to  observe  that  the  varioos  researches  yet  made  into 
the  stracture  of  the  entire  division  of  radiated  animals  or  zoophiles  of  Cuvier, 
with  the  single  exception  perhaps  of  the  echinodermata, — though  this  is  very 
doubtfulf — have  not  discovered  anything  lik^  a  pulsating  heart.  All  the  later 
accessions  to  our  knowledge  assure  us  that  the  possession  of  a  circulating  system 
of  extreme  simplicity  unites  these  into  a  single  natural  group.  The  vascular 
system  here,  in  fact,  bears  an  affinity  in  many  respects  to  that  of  vegetablesi  but 
it  differs  fix>m  this  essentially  in  the  presence  of  cilia ;  it  forms  a  distinct  link  of 
transition,  however,  to  the  circulating  system  of  the  higher  animals.  The  above 
description  is  principally  after  my  own  observations  instituted  at  Nice  in  the 
autumn  of  1S39 ;  for  iconographic  illustrations  of  the  subject  I  beg  to  refer  to 
my  Icones  Zootomka^  Tabs,  xxxiv.  and  xxzv. 

"•  "  The  intestinal  tubes  in  the  arms  with  oscillating  chyle"  are  figured  by 
Ehrenberg  in  the  Hydra  vulgaris  aurantiaca,  see  his  tract : — The  fossile  in- 
fusoria, &c.  (Die  fossHen  Infiuorien  und  die  lehendigen  Damomrde^  Berlin, 
1837). 

*"  The  circulation  effected  by  ciliary  motions  is  very  beautifully  seen  in  the 
ciliated  prehensile  arms  of  Veretillum,  (vide  Icones  Zootomy  Tab.  zzxv.) 


280  CIRCULATION. 

tbrough  which  it  had  come ;  the  vessels  are  canals  without  con- 
tractile parieteSi  but  covered  with  active  cilia,  and  the  globules  of 
the  chyle  are  seen  moved  outwards  from  the  stomach  towards  the 
marginal  vessel  which  runs  along  the  one  side,  and  from  the  marginal 
vessel  inwards,  or  towards  the  stomach  along  the  other  side**".  In 
the  planaria  and  trematoda  longitudinal  trunks  have  been  observed 
which  subdivide  or  ramify,  and  in  which  under  the  influence  of 
ciliary  movements  the  blood  or  chyle  is  carried  hither  and  thither'*^* 
In  the  whole  of  the  classes  of  animals  mentioned,  neither  vessels 
with  contractile  parietes  nor  hearts  have  been  discovered;  cilia 
alone  appear  to  be  the  active  instruments  of  the  circulation  that 
takes  place  in  their  bodies. 

§  111.  Insects  have  a  contractile  heart  consisting  of  numerous 
cavities,  surrounded  by  sundry  layers  of  muscular  fibres.  This 
heart  takes  up  the  chyle  that  is  bathing  all  the  viscera,  through 
certain  lateral  slits  or  openings  guarded  with  valves,  forces  the  fluid 
on  from  chamber  to  chamber,  and  flnally  transmits  it  into  a  simple 
arterial  trunk ;  this  aorta,  however,  does  not  run  £Eur,  but  again 
sheds  its  contents  abroad  under  the  brain,  from  whence  they  make 
their  way  between  the  tracheae,  muscles,  &c.,  penetrating  every 
part  of  the  body,  even  to  the  finest  points  of  the  antennas  and  joints 
of  the  extremities"^ 

^^  I  obsenred  the  entire  course  of  the  nutritiye  fluid  from  the  stomach  to  the 
marginal  yessel,  and  from  the  marginal  vessel  back  into  the  stomach,  with  pe- 
culiar distinctness  in  a  species  of  medusa  belonging  to  the  fusniy  of  the  Oceanidae 
at  Nice  in  1889. 

^^  This  is  the  system  of  circulation  that  exists  in  Diplozocn  paradozum,  and 
in  the  distomata  and  planaria,  according  to  Nordmann,  Ehrenberg,  and  others. 
(Vide  on  this  point  my  Elements  of  Comparatire  Anatomy^  §  115). 

^^  Whether  or  not  this  be  the  universal  structure  of  the  vascular  or  circulat- 
ing system  in  the  class  of  insects  is  not  certainly  known.  The  remarkable  form 
of  circulating  system,  however,  that  is  so  common  in  the  class,  seems  to  be  in 
relation  with  the  peculiar  disposition  of  the  respiratory  apparatus  which  we  here 
observe :  the  air  penetrates  by  traches  into  every  part  of  the  body  of  the  insect, 
and  there  was,  therefore,  no  occasion  for  a  system  consisting  of  tubes,  first 
to  conduct  the  nutritive  fluid  on  all  sides  for  the  supply  of  the  economy,  and 
then  to  carry  it  for  the  purpose  of  aeration  to  a  special  respiratoiy  apparatus. 
The  best  subjects  for  showing  the  dorsal  vessel  in  are  perhaps  the  water-beetles — 
Ditiscus,  Hydrophilus.    To  obtain  a  general  microscopic  view  of  the  circulation 
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§  112.  In  the  Annelid ams  and  higher  Crustaceans,  in  all 
MoLLUscSy  and  perhaps  in  the  EcHiNODERMiDANSy  we  find  a  closed 
vascular  system  with  superadded  pulsatory  longitudinal  trunks,  or 
true  hearts  divided  into  chambers.     The  annelidans  have  for  the 
most  part  a  blood-red  coloured  chyle  as  their  circulating  fluid  ;  the 
colour  here,  however,  is  not  connected  with  the  corpuscles,  but  with 
the  liquid  itself ;  several  highly  contractile  and  rhythmically  con- 
tracting longitudinal  vessels  perform  the  office  of  heart.   The  Crus- 
tacea have,  as  a  general  rule,  an  aortal  heart,  which  receives  from 
the  bronchial  vessels  for  re-distribution  to  the  system  the  chyle  that 
had  been  transmitted  to  them  from  the  systemic  veins.    These 
veins  seem  here  to  have  the  duty  attached  to  them  of  taking  up  the 
fresh  nutriment  or  chyle  prepared  by  the  digestive  system.    In  the 
acephalous  and  gasetropodous  molluscs  we  find  either  a  simple  uni- 
locular or  a  bilocular  muscular  heart,  consisting  of  an  atrium  or 
auricle,  and  a  ventricle,  placed  between  the  respiratory  apparatus 
and  the  systemic  vessels,  and  therefore  representing  the  left  or 
aortal  heart  of  man  and  vertebral  animals  generally.     In  the  cepha- 
lopoda, again,  there  are  several  highly  muscular  hearts  connected 
with  various  parts  of  the  vascular  system ;  two  distinct  branchial 
hearts,  for  instance,  each  composed  of  an  atrium  and  a  ventricle, 
transmit  the  chyle  whicli  they  receive  from  the  systemic  veins  and 
the  intestinal  canal  to  the  branchiss,  from  whence  the  colourless 
circulating  fluid  is  brought  by  the  branchial  veins  to  a  simple 
muscular  aortal  heart  of  considerable  power,  and  by  this  is  dis- 
tributed to  the  system  at  large^\ 

of  insects,  there  is  do  better  subject  than  the  larva  of  the  Ephemera,  which  is  to 
be  had  in  abundance  the  whole  year  through,  in  every  pool  of  standing  water. 
A  fonn  of  vascular  system  similar  to  that  of  insects  appears  to  exist  in  the 
tracheal  Arachnidans,  in  the  Scolopendra,  and  in  a  number  of  Crustaceans  (Daphnia 
for  example)  but  always  with  modifications.  (Vide  for  further  details,  my 
Elementg  of  Comp.  Anat.  §  124.) 

^^  The  view  just  given  differs  widely  fit>m  those  that  are  most  current  upon 
this  subject.  But  if  the  circulating  fluid  and  its  component  elements  be  com- 
pared in  the  animals  just  mentioned  with  the  chyle  and  lymph  of  the  more 
perfect  vertebrate  series,  the  greatest  similarity  will  be  observed  between  them ; 
whilst,  on  the  contrary,  no  kind  of  analogy  to  the  true  blood  will  be  discovered. 
The  form,  nze,  colour  and  structure  of  the  corpuscle  of  the  circulating  fluid  of 
the  backboneless  animal,  agree  in  all  particulars  with  the  lymph  and  chyle- 
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EUmmUi  of  the  Vascular  Systefn  of  Man  and  the  Fertebraia, 
§  113.  The  vascular  system  of  all  vertebral  animals  is  formed 
after  a  common  type,  which  is  always  analogous  to  that  which  we 
observe  in  man*  However  different  at  first  sight  the  structure  of 
the  heart  and  of  the  larger  elements  of  the  vascular  system  may 
appear,  even  as  striking  is  the  similarity  in  all  the  essential  portions 
of  the  circulatory  apparatus  ;  they  are  virtually  the  same  in  fishes 
and  in  mammals.  The  apparatus  which  circulates  the  blood  in  the 
vertebrate  series  of  animals  consists  of  the  following  divisions: 
1.  Contractile  muscular  sac-like  organs,  hearts,  which  as  a  general 
rule  are  associated  into  a  single  central  organ  that  receives  the  blood 
returning  towards  it  from  the  body  and  lungs,  and  sending  forth 
this  blood  to  the  body  and  lungs  again ;  in  some  few  instances, 
however,  we  find  additional  or  peripheral  hearts,  hearts  appended 
to  particular  divisions  of  the  vascular  system,  for  the  purpose  of 
urging  on  the  fluids ;  to  this  class  belcmg  the  lymphatic  hearts  of 
the  amphibia,  and  the'  caudal  heart  of  the  eel.  S.  Elastic  tubes, 
proceeding  from  or  terminating  in  the  central  organ  and  branching 
throughout  the  body,  or  some  one  of  its  organs  in  particular.  The 
vessels  which  conduct  the  blood  away  from  the  central  organ  are 
the  arteries,  those  that  bring  it  back  are  the  veins  with  which  must 
be  classed  the  lacteals  and  lymphatics.  3.  Vascular  retes  and  con- 
vohited  masses,  which  belong  now  to  the  arteries  now  to  the  veins, 
the  branches  suddenly  dividing  into  a  vast  number  of  minuter  twigs, 
which  anastomose  freely,  and  again  unite  into  larger  branches, — retia 
mirabilia  /  or  a  number  of  smaller  twigs  become  rolled  up  to- 
gether like  ravelled  skeins,  from  which  simple  branches  of  corres- 
ponding size  then  take  their  rise, — glomeruli.  4.  Capillary  vesseb, 

ooq;>u8cle8  of  the  vertebrate  animal.  The  red  colour  of  the  circolaling  fluid  in 
the  Annelida  is  only  an  apparent  analogy,  the  colour  here,  as  has  been  said,  not 
being  connected  with  the  suspended  corpuBcles,  but  with  the  plasma  or  vebide; 
the  corpuscles  of  the  circulating  fluid  of  the  Annelidans  arc  colourless,  and 
fiuhioned  in  all  respects  like  those  of  the  rest  of  the  invertebrate  series.  There 
are,  besides,  entire  families  of  Annelidans,  the  Aphrodite,  for  example,  that  have 
not  red  but  colourless  circulating  fluids.  A  farther  proof  that  the  drculating 
fluid  of  the  invertebrata  is  nothing  more  than  a  chyle,  exists  in  the  &ct,  that  no 
one  has  yet  discovered  a  trace  of  the  lymphatic  or  lacteal  system  of  vessels  in 
any  member  of  the  series. 
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the  reticulations  and  loopings  of  various  forms,  into  which  the  arteries 
and  veins  finally  resolve  themselves,  and  by  which  they  pass  over 
the  one  into  the  other. 

{  114*  Anatomy  describes  the  structure  of  the  more  conspicuous 
sab-divisions  and  elements  of  the  vascular  system,  the  ultimate  or-* 
ganization  of  which  is  the  same  in  man  and  all  the  mammalia.  An 
extremely  smooth  and  transparent  membrane,  the  tunica  intima 
vasorum,  composed  of  an  intrication  of  flat  cells,  forma  a  continuous 
lining  for  the  entire  vascular  system,  clothing  the  cavities  of  the 
heart  first,  and  from  this  extending  through  the  interiors  of  the 
blood-vessels  of  every  description.  Strong  and  peculiarly  disposed 
layers  of  muscular  fibres  form  the  parietes  of  the  heart,  and  alter- 
nately contract  and  expand  its  several  cavities.  The  membranous  walls 
of  the  arteries,  veins,  and  lymphatics,  are,  in  the  larger  branches  of 
these  canals,  composed  of  three  layers,  the  innermost  being  that  which 
has  already  been  cursorily  indicated,  and  the  outermost  being  merely 
Qondensed  cellular  substance.  The  middle  coat  of  the  vessels  differs 
in  the  different  orders  of  canals ;  in  the  lymphatics  and  veins  it  is 
composed  of  fine  contractile  fibres,  which  appear  to  be  intimately 
allied  to  the  organic  muscular  fibre;  in  the  arteries  the  middle 
tunic  consists  of  thick  but  somewhat  readily  lacerable  annular  fibres, 
disposed  in  several  layers,  and  of  the  nature  of  the  elastic  tissue. 
Arteries,  veins,  lymphatics,  and  lacteals,  reduced  to  their  simplest 
expression,  are  tubular  canals  which  serve  as  media  for  transporting 
the  juices  of  the  body  from  the  periphery  to  the  centre,  or  from 
the  centre  to  all  parts  of  the  periphery. 

§  115.  In  the  distinctly  tubular  portions  of  the  vascular  system^ 
and  before  these  resolve  themselves  into  their  more  delicate  peri- 
pheral and  terminal  expansions,  which  we  denominate  capillaries, 
the  rets  and  glomerulus  occasionally  present  themselves.  An  artery 
or  a  vein,  to  wit,  suddenly  divides  tuftwise  into  a  multitude  of  fine 
branches,  which  form  meshes  together,  and  then  either  lose  them- 
selves in  the  peripheral  capillary  net-work,  or  collect  again  into  a 
trunk  of  the  same  calibre  as  before,  which  proceeds  to  its  ulterior 
destination.  To  this  last  class  belong  the  Ijrmph  and  chyle  glands, 
which  are  universally  present  and  numerous  in  man  and  the  mammalia^ 
which  also  occur  in  birds^  though  more  sparingly,  but  which  seem 
to  be  entirely  wanting  in   amphibia  and  fishes.     The  lymphatic 
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glands  are  condensed  retes  of  the  vessels  in  the  course  of  which  they 
present  themselvesy  spun  round  with  blood-vessels.  Retes  and  reda 
mirabilia  of  the  arteries  and  veins  are  not  met  with  in  the  human 
subject :  the  helicine  arteries  of  the  penis  are  the  only  vessels  that 
seem  in  part  to  belong  to  this  category.  But  in  the  mammalia  they 
present  themselves  frequently ;  arterial  retes,  for  example,  occur 
upon  the  carotids  of  the  ruminants,  and  on  the  principal  arteries  of 
the  tail  and  extremities  of  several  different  species  of  mammal,  as 
the  Sloth,  and  the  Loris,  which  are  distinguished  by  the  slowness  of 
their  movements ;  also  in  the  orbits  of  a  great  number  of  animals. 
Retia  mirabilia  of  the  greatest  extent  perhaps  of  any  that  exist  are 
encountered  in  the  whale  tribe,  and  also  in  fishes.  Skein-like  con- 
voluted masses  of  vessels,  constituting  glomeruli,  are  a  general  cha- 
racter of  the  finer  sub-divisions  of  the  renal  arteries  within  the 
cortical  substance  of  the  kidneys  in  man,  mamnudia,  birds,  and  am- 
phibia. The  object  of  these  various  arrangements  of  vessels  seems 
to  be  to  secure  a  less  degree  of  velocity  in  the  current  of  the  blood, 
which,  indeed,  is  a  necessary  consequence  of  the  nature  of  the 
structures  in  question.  Whether  or  not  any  kind  of  chemical  action 
takes  place  in  this  part  of  the  vascular  system  is  not  known.^ 

§  116.  The  most  important  part  of  the  vascular  system,  with  re- 
ference to  the  process  of  nutrition,  is  the  peripheral,  that  part  which 
is  generally  distinguished  by  the  name  of  the  capillary  system,    A 

*^  On  the  occturence  of  Retia  mirabilia  in  animals,  consult  my  Elemenit  of 
Comparative  Anatomy,  Beautiful  representations  of  the  extensiye  Tascular 
plexuses  of  fishes  have  been  published  by  Eschricht  and  MUller,  in  their  tract  On 
the  arterial  and  verunu  Retia  MirabOia  in  the  Uver  of  the  Tunny^  (ThvnfUch)^ 
Berlin,  1836.  On  the  Retia  mirabilia  of  the  porpoise,  vide  Breschet,  Hiet,  Anat, 
et  Physiol.  ePun  organ  de  nature  vascuUnre  decauvert  dans  les  CetacSe^  Paris,  1836, 
and  Baer,  in  Nov.  Act  Acad.  Leopold.  toL  xvii.  [There  is  another  purpose  se- 
cured by  the  retia  mirabilia  of  some  animals,  probably  of  higher  vital  importance 
than  the  ones  indicated  by  the  author ;  this  is  to  serve  as  reservoirs  of  arterial 
blood.  The  spermacseti  whale  remains  for  an  hour  under  irater  without  rising 
once  to  the  surfiu:e  to  breathe ;  and  this  it  is  enabled  to  do,  in  all  likelihood,  in 
consequence  of  the  large  mass  of  arterial  blood  which  is  laid  up  in  the  retia  that 
surround  the  spine  in  this  as  in  every  member  of  the  fiunily  of  Cetaceans.  That 
the  stream  of  blood  suffers  a  notable  retardation  in  th^  retia  and  glomeruli  is  pro- 
claimed by  the  recent  discovery  of  cilia  within  the  vascular  knots  which  com- 
pose the  Malpighian  bodies  of  tiie  kidneys,  in  some  of  the  lower  animals.  R.  WJ 
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view  of  the  peripheral  capillary  vascular  system  is  only  to  be  ob- 
tained by  the  use  of  fine  injections  and  the  aid  of  the  microscope. 
It  is  easy  to  make  a  collection  of  finely  injected  preparations  from 
different  parts,  and  to  preserve  them,  dried  or  moist,  ready  for  ex- 
amination^.    Such  preparations  serve  excellently  for  demonstxa- 

^  Fine  injections  (in  other  words  the  distension  of  the  finest  capillaries  with 
coloured  matters)  have  played  an  important  part  in  physiology  for  the  last 
centTuy,  and  have  been  the  means  of  important  discoveries  as  well  as  the  cause 
of  singular  errors.    Ruysch  (bom  at  the  Hague  in  1638,  died  at  Amsterdam, 
1731)  was  the  first  who  successfully  practised  the  art  of  filling  the  minute 
capillary  vessels  with  coloured  substances,  an  art  which  he  did  not  inventi 
however,  but  which  he  learned  from  his  friend  Swammerdam.     We  have 
numerous  figures  of  his  preparations  in  his  Thesauri  Anatomicit  4to.  Amst. 
1701 — 15.     His  preparations  were  the  subjects  of  the  highest  admiration  at  the 
time,  particularly  after  Boerhaave  had  shown  himself  so  much  interested  with 
them.    Ruysch  sold  a  portion  of  his  collection  to  Peter  the  Great  of  Russia, 
and  another  portion  to  the  King  of  Poland  for  20,000  guldens,  and  this  came 
after  his  death  to  Wittenberg.    Ruysch's  preparations  were  the  immediate 
cause  of  the  long  prevalent  error  that  every  part  of  the  body  was  composed  of 
yascular  capillary  reticulations.    About  the  middle  of  the  last  century,  Lieber- 
kiihn  (bom  1711,  died  1755)  with  his  fine  injections  formed  an  epoch  in  the  art 
of  anatomical  preparation-making;  and  many  collections  of  preparations  of  his 
are  still  in  existence  in  difierent  parts  of  Europe.     Prochaska  likewise  made 
many  preparations  similar  to  those  of  LieberkUhn,  which  are  now  at  Vienna.    In 
the  nineteenth  century  the  fine  injections  of  Soemmerring,  DoUinger,  Pockels, 
and  Seiler,  which  were  made  with  variously  coloured  size  or  isinglass,  obtained 
great  celebrity.    In  recent  times  the  school  of  Vienna,  in  her  Berres  and  Hyrtl, 
has  excelled  in  the  department  of  minute  injections,  and  has  been  a  sort  of 
manufactory  which  has  now  for  some   time  supplied  most  of  the    museums 
of  Europe  with  preparations.    The  ingredients  of  the  Vienna  minute  injection 
are  finely  levigated  cinnabar,  copal  varnish,  and  gum  mastich ;  and  Berres  in 
his  Mieroseopic  Anatomy^  fol.  Vienna,  1837,  has  given  an  account  of  his  entire 
procedure.     This  work  just  named  contains  most  beautiful  figures  of  the  various 
forms  assumed  by  the   peripheral  vascular  retes  in  different  parts  of  the  body. 
E.  H.  Weber,  in  his  edition  of  Hildebrand*s  Anatomy^  has  given  figures  of  the 
capillary  vessels  after  Lieberkdhn,  Seiler,  and  Bleuland.     [The  terminal  arbo- 
rization of  the  arteries,  and  the  peripheral  relations  of  the  blood-vessels  of  the 
difierent  tissues,  are  depicted  in  Grerber*s  Anatomy^  figs.  122 — 155.    A  very  ex. 
cellent  means  of  obtaining  minute  injections  consists  in  using  two  saline  solutions, 
which,  by  double  decomposition,  give  an  abundant  opaque  precipitate.      M. 
Doyere  first  injects  a  solution  of  the  chromate  of  potash  till  it  passes  from  the 
arteries  into  the  veins ;  acetate  of  lead  is  then  injected,  and  chromate  of  lead 
is  precipitated  in  the  minutest  capillary  vessels.     The  preparations  thus  made 
are  said  to  dry  admirably.     Comptes  RmduSy  1841.    R.  W] 


tion ;  but  they  cannot  be  made  tbe  basis  uf  any  perfectly  satuTac- 
tory  conclusions,  without  the  term  of  comparibon  sad  means  of 
check  supplied  by  the  immediate  inspection  of  the  transpuent  parts 
of  living  animals,  or  of  single  particles  of  organs  of  the  recently 
killed  animals,  still  full  of  blood*^. 

§  117.  However  different  the  more  minute  capillary  ledculationt 
in  the  various  organs  appear,  they  may  nevertheless  be  all  reduced 
to  a  single  fundamental  type,  a  type  which  is  most  readily  observed 
in  the  vascular  distribution  of  the  intestinal  villi  (Fig.  CLY.):  the 
terminal  twig  of  an  artery  (&,  6)  bends  round  into  the  terminal 
twig  of  a  vein  (a,  a),  and  the  two  are  repeatedly  connected  by  means 
of  delicate  loop-liktf  twigs,  these  in  their  turn  being  formed  into 
meshes  by  cross  or  intermediate  branches.  Tbe  fundamental  type 
of  the  peripheral  vascular  system  is  therefore  an  arterial  and  a 
venous  branchlet — proper  capillary  vessels,  and  an  interposed  net- 

"*  With  a  little  practice  iu  the  use  of  the  microscope  and  tome  dext«rit;  in 
nuuiipulatiiig,  it  is  eas;  to  obtain  views  of  the  capillary  nets  still  filled  with 
blood'CorpuBcles,  in  animals  that  have  heeii  strangled.  Ad  examinatioD  of  tbia 
kind  a  neceBsar;  when  the  buaineeB  ia  to  conclude  in  regard  to  tbe  bistolo^cal 
relatione  of  the  most  minute  veMela  themselvcB,  as  well  as  of  tbe  parencbynm  of 
particular  parts. 


Fio.  CLV.  Vcasele  of  one  of  the  itite>Iiiw> 
villi  of  the  hare  ;  after  an  extremely  beautilul  dry 
prepaiatioD  by  Doellinger.  The  villus  is  magni' 
fled  about  4S  times.  Tho  vein  a,  a,  ia  injected  with 
whit* ;  the  arteiy,  6  6,  with  red ;  between  tbe 
two  a  most  beautifiil  rete  of  capillariea  ii  q>p** 
rent.  [Compaie  this  with  the  vessela  of  the  in- 
testinal  villi  of  the  horse,  Gerber'a  Anatoli,  ilg' 
136.     R.W.] 
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work  of  fine  vascular  canals — vasa  intermedia*^.  A  distinct  sepa- 
ration between  capillaries,  and  intermediate  vessels,  as  this  is 
perceived  in  the  intestinal  villi  more  especially,  is  not  generally  to 
be  observed,  the  two  blend  or  are  lost  insensibly  in  one  another. 
The  parenchyma  or  organic  substance  which  lies  between  the  finest 
vascular  subdivisions  forms  islets  of  very  various  size  and  figure,  ac- 
cording as  the  meshes  of  the  intercurrent  vessels  are  opener  or  closer, 
and  as  they  are  rounded  or  angular.  The  intimate  structure  of 
every  organ,  the  mode  of  union  and  of  the  grouping  of  its  elementary 
parts,  and  the  diameter  of  the  vessels  which  appertain  to  it,  give  rise 
to  the  greatest  diversity  of  form  in  the  peripheral  vascular  system, 
which  has  nevertheless  so  determinate  a  character  in  each  tissue, 
that  an  examination  with  the  microscope  of  the  smallest  particle 
of  a  finely  injected  preparation  enables  us  to  say  with  certainty 
from  what  part  of  the  body  it  was  obtained  ^.     The  forms  of  the 

^  The  meamng  attached  to  the  expression,  capUlary  vascular  system^  has 
always  been  somewhat  vague.     In  a  general  way,  the  ultimate  unions  of  the  ar- 
teries and  veins  have  been  so  called.     Berres  (Anat.  der  Mikroscop,  Oebilde,  S. 
38)  distinguishes  the  peripheral  vascular  system  into  capillaries  and  interme- 
diate vessels.     Among  the  former  he  reckons  ^^  the  most  delicate  arterial  and 
venous  plexuses  which,  on  the  one  hand,  are  connected  with  the  more  distinct 
arterial  and  venous  twigs  of  their  system,  and  which,  on  the  other — and  this 
always  with  reference  to  the  periphery  of  the  organ  under  consideration — are  in 
most  intimate  union,  and  during  life  in  uninterrupted  intercourse,  with  the  inter- 
mediate Tascular  net- work.    The  structure,  the  coiu-se,  and  the  mode  of  distri- 
bution of  these  minute  vessels  still  continue  true  to  the  general  laws  of  the 
formation  and  ramified  distribution   of  the  parent  vessel.      Their  plexuses, 
formed  by  the  manifold  divisions  and  anastomoses  that  take  place,  are  extremely 
various,  but  the  majority  of  them  seem  to  have  no  other  end  save  that  of  subdi- 
viding and  distributing  the  currents  of  fluid  which  they  contain."     **  In  the 
circuit  of  the  intermediate  vessels  we  have  a  simple,  homogeneous,  net-like 
division  and  combination  of  the  constituent  elements,  and,  at  the  same  time,  the 
most  simple  form  of  vascular  structure  in  an  anatomical  point  of  view,  and  pecu- 
liar power  and  activity  in  harmony  with  the  vital  endowment  and  function  of  the 
organ,  in  a  dynamic  one." 

'^  Scemmerring  first  observed  the  constant  relations  in  regard  to  form  of  the 
elements  of  the  peripheral  vascular  system ;  he  compared  the  arteries  of  the 
intestines,  in  their  mode  of  distribution,  to  the  branches  of  a  leafless  shrub,  those 
of  the  placenta  he  likened  to  a  tassel,  those  of  the  muscles  to  a  bundle  of  twigs, 
kc.  (De  Corp,  Hiaium,  fahrica^  1801,  vol.  iv.)  The  numerous  injections  of 
Berres  and  Hyrtl  of  Vienna  and  Prague,  however,  first  showed  the  possibility  of 
recognizing  each  organ  by  the  mode  in  which  its  vessels  are  distributed. 
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peripheral  vascular  system  have  been  grouped  b;  several  wiiten 
Into  distinct  classes,  which,  however,  are  not  always  found  observed 
to  the  letter,  and  which  are,  moreover,  rather  of  anatomical  than  of 
physiological  importance '^^. 

i  118.  The  forms  of  the  finest  peripheral  vascular  Bubdividons 
appear  to  be  of  subordinate  consequence  in  a  physiological  point  of 
view.  The  following  particulars  in  connection  with  this  subject 
deserve  specification:  1st.  The  finest  vessels  have  always  distinct 
parietes;  in  capillaries  of  no  more  than  from  yJoth  to  rj^th  of 
a  line  in  diameter,  circular  fibres  are  still  to  be  perceived ;  but 
these  fibres  all  disappear  in  the  finest  intermediate  vessels ;  here,  a 
simple  membrane  of  great  tenacity,  and  generally  structureless — 
though  formed  originally  from  flat  cells,  and  showing  their  persist- 
ent nuclei  scattered  here  and  there, — forms  the  vascular  parietes. 
(Fig.  CLVI.)  This  is  to  be  perceived  immediately  by  the  micros- 
copic examination  of  recent  parts,  as  well  as  to  be  demonstrated  by 
the   aid  of   injections'".      ^d.  The   capillary  and    intermediate 

"''  Berrea  divided  the  proper  capillary  vessels  iato  six  cluKaes,  and  the  inter' 
mediate  veBsels  into  three  classes — the  intermediate  mesh-net,  the  intermediate 
loop-net,  and  the  intermediate  looped  meah-net ;  and  ba«  given  nuuterlj  delinea- 
tiona  of  these  differeot  forms  of  vascular  distribution.  Vide  AfA.  OebUdt^  Tab. 
U.  and  IIL 

'^  It  is  difficult  to  decide  whether  the  innennou  fascular  tunic,  vhich,  in  the 


Fio.  CLVL  A  capillary  vessel  from  the  tail  of  the 
tadpole.  At  a  a,  are  seen  corpuscles  connected  with 
the  walls  of  the  resiiel,  which  seem  to  have  formerly 
been  the  nuclei  of  cells.  After  Schwann  (Ueher  £e 
Eiiulinimmgy  &c.  Tab.  iv.  fig.  ii.) 


Fta.  CLVn.  Flan  of  the  formation  of  the  capiUaiy 
vessels  in  the  area  pellucida  of  the  ben's  egg;  afler 
Schwann,  1.  c.  fig.  13. 
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vessels  which  form  the  meshes  or  loops  have  rounded  or  angular 
portions  of  the  organic  parenchyma  inclosed  between  them,  like 
islets  in  a  river,  which  differ  widely  in  form  in  the  different  tissues. 
(Figs.  CLVII.  CLVIIL  and  CLIX.)  In  the  lungs,  these  islets 
are  particularly  small,  and  in  diameter  are  often  surpassed  by 
the  most  minute  of  the  vessels ;  in  other  parts,  again,  as  in  the 
intestinal  villi,  for  example,  (Fig.CLV.),  and  under  the  skin  in  the 
frog,  they  are  of  considerable  magnitude.     3rd.  The  finest  vessels 

larger  bkxxl-Tessels,  is  distinctly  seen  to  be  covered  with  a  flattened  cellular 
epithelium,  is  identical  with  the  simple  membrane  of  the  finest  peripheral  vessels. 
My  observations  agree  in  general  with  those  of  Henle  (Casper^s  Wochenschrift^ 
No.  21,  1840.) 


Fig.  CLVm. 


<I 


Fio.  CLVIIL  Incipient  for- 
mation of  vessels  in  the  lamina 
vasculosa  at  the  edge  of  the  area 
pellucida  of  the  germinal  mem- 
brane. From  the  hen's  egg, 
thirty-six  hours  after  the  com- 
mencement of  incubation.  The 
canals  are  in  some  places  ex- 
tremely narrow ;  where  they  in- 
osculate they  are  much  wider; 
the  vascular  meshes  are  also 
very  irregular  in  point  of  size. 


Fig.  CLIX. 


'^f^^OOw^^^    Tab.  X.  fig.  11. 


Fig.  CLIX,  The  same  object  ac- 

Pander,     Entwickelungs- 

bebriUeten    HUncheru^ 


^CPCDQ^ 
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that  are  known  in  the  human  body  are  of  less  diameter  than  blood- 
corpuscles,  and  measure  no  more  than  from  the  f^th  to  the  ^^ih 
of  a  line  in  diameter ;  there  are  consequently  vessels — and  these  are 
conspicuous  enough  in  the  frog — that  transmit  no  blood-corpuscles, 
nothing  but  liquor-sanguinis"^.  4th.  The  finest  intermediate  vascular 
nets  do  not  penetrate  the  elementary  parts  of  the  tissues,  but  wind 
about  larger  or  aggregated  portions  of  these.  For  example,  they 
do  not  enter  into  the  primary  fibres  of  the  muscles  and  nerves,  nor 
into  the  constituent  parts  of  the  terminal  conduits  and  caeca  of  the 
glands;  they  merely  surround  these,  (vide  the  Figs,  illustrative 
of  the  structure  of  glands  under  the  paragraphs  on  secretion),  and 
in  some  places  small  portions  of  the  caeca  are  seen  as  islets 
between  the  vessels.  5th.  The  first  formation  of  the  peripheral 
vascular  system  in  the  vitellus  exhibits  the  same  opposition  and 


^^  On  this  subject  see  farther  on,  under  the  head  of  Phenomena  of  the  Circu- 
lation, §  122 :  £.  H.  Weber  measured  the  finest  vessels  in  some  of  the  dried 
preparations  of  LieberkQhn,  and  found  the  diameters  of  the  smallest  to  be  from 
the  r^th  to  the  -^th  of  a  line ;  the  interspaces,  corresponding  to  the  islet 
of  parenchyma,  were  from  six  to  eight  times  larger.  See  his  £d.  of  Hildebrand*8 
Anatomy^  yoI.  III.  p.  45.  Krause  found  the  diameter  of  the  very  finest  capillaries  of 
the  retina  vivth,  of  the  choroid  u^st,  of  the  intestinal  villi  vi^th,  of  the  muscular 
coat  of  the  small  intestine  ,iotht  and  of  the  tibialis  anticus  muscle  only  TiSTfth 
of  a  Paris  line.  These  extremely  fine  capillaries,  it  is  to  be  understood,  were 
not  the  ordinary  ones,  which  are  on  an  average  firom  the  200th  to  the  300th  of  a 
line  in  diameter,  in  relation  to  which,  indeed,  they  were  always  present  in  small 
proportion,  and  generally  as  media  of  communication  between  two  of  larger  size  ; 
they  were,  in  fact,  intermediate  or  communicating  twigs.  These  numbers  agree 
in  the  main  with  the  measurements  of  Berres,  Valentin,  and  myself.  Vide 
Krause's  paper  in  MUller  s  Archiv  for  1837,  S.  4.  [The  blood-discs  change  their 
form  and  diameter,  when  they  meet  with  any  obstruction,  almost  as  easily  as  drops 
of  oil.  When  the  corpuscles  pass  an  unusually  narrow  space,  or  impinge  on 
a  more  solid  particle,  they  instantly  become  indented,  compressed,  elongated, 
twisted,  or  bent,  and  recover  their  usual  figure  and  size  with  singular  rapidity, 
after  passing  the  obstacle.  Indeed,  the  corpuscles  in  certain  states  of  disease 
would  even  seem  to  permeate  the  coats  of  the  capillaries,  for  the  mucous  mem- 
branes are  occasionally  covered  with  blood-corpuscles,  when  no  rent  whatever  can 
be  discovered  by  which  they  could  have  escaped  from  the  vessels.  The  extreme 
minuteness,  therefore,  of  some  intermediate  vessels  is  hardly  a  proof  that  they 
would  not  transmit  blood-corpuscles.  See  GuUiver  in  Gerber*s  Anat,  p.  79,  and 
App.  of  same,  p.  1 1 .    R.  W.] 
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relationship  between  the  shut  mesh-reticulation  of  the  blood-vessels 
and  the  insular  and  insulated  space  for  the  parenchyma  of  the  parent 
organ  in  which  the  vessels  take  root  and  spread,  (vide  Figs.  CLVII. 
CLVIIL  and  CLIX.)*^ 

Phenomena  of  the  Circulation. 

$  119.  The  entire  end  and  object  of  the  circulation  is  to  convey 
blood  to  the  periphery  of  the  body^  or  to  the  several  organs  of 
which  it  consists,  there  to  furnish  elements  of  nutrition  and  secre- 
tion. The  phenomena  of  the  peripheral  circulation  consequently 
are  those  which  are  of  especial  importance  as  regards  the  peculiar 
nutritive  and  secretory  processes.  The  knowledge  of  the  general 
course  of  the  circulation  rests  on  the  basis  of  purely  anatomical 
tacts,  and  is  here  presumed  to  be  familiar  to  the  reader.  The  forces 
that  move  the  blood,  the  efficient  instruments  of  the  circulation, 
differ  in  different  divisions  of  the  animal  series.  They  consist  of> 
1st,  Hearts  or  pulsatory  organs  in  man  and  the  vertebrata  uni- 
versally, and  in  many  invertebrate  animals  also,  insinuated  at  differ- 
ent places  of  the  vascular  system :  in  man,  the  mammalia  and  birds, 
four  muscular  chambers — an  auricle  and  a  ventricle  for  the  greater 

'^  On  the  fonnation  of  the  capillary  vessels  and  the  primary  forms  of  the 
retiain  the  germinal  membrane  of  the  bird's  egg,  consult  Figs.  CLVII.  and  CLVIII. 
where  I  have  given  the  representations  of  Schwann,  and  of  Pander  and  D*  Alton, 
and  also  of  what  I  have  myself  seen.  Schwann  delivers  himself  in  the  following 
terms  on  the  subject  of  the  formation  of  the  blood  and  capillary  vessels. 
^*  Among  the  ceUs  of  which  the  germinal  membrane  consists,  several  at  certain 
distances  from  one  another,  by  lengthening  out  on  different  sides  into  star-like 
figures,  form  the  primary  capillary  vascular  cells.  These  elongations  of  different 
cdls  encounter,  grow  together,  the  septa  between  them  are  removed,  and  so  a 
network  of  fine  canals  of  very  various  diameter  is  engendered ;  for  the  produced 
portions  of  the  primary  cells  are  much  smaller  than  the  bodies  of  the  cells. 
These  prolongations  or  anastomosing  canals  of  the  bodies  of  the  cells,  however, 
enlarge,  until  they  are  of  equal  size  one  to  another,  and  also  to  the  bodies  whence 
they  sprung,  consequently  until  they  have  formed  a  network  of  canaliculi  of  equal 
dimensions.  The  liquor  sanguinis  is  the  fluid  which  was  included  within  the 
primary  as  well  as  the  secondary  fused  capillary  vascular  ceUs,  and  the  blood- 
corpuscles  are  young  cells  which  are  formed  within  the  cavities  of  the  same  ele- 
mentary structiures." 
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or  systemic  circulation,  and  an  auricle  and  a  ventricle  for  the  lesser 
or  pulmonic  circulation — ^are  the  efficient  instruments  in  the  distri- 
bution of  the  blood ;  pulsatory  organs  for  propelling  the  lymph 
and  the  chyle  are  not  known  in  this  division  (vide  $  113).  2nd, 
Cilia,  attached  to  the  inner  aspects  of  the  walls  of  the  vessels,  the 
motions  of  which  carry  forward  the  included  fluid.  These  are  met 
with  in  Polypes,  Medusae,  and  Worms,  §  110;  3rd,  of  powers 
that  have  not  been  indicated,  but  of  the  existence  of  which  we 
have  evidence  in  the  circulation  of  the  sap  of  vegetables,  §  107, 
et  seq.  All  the  older  ideas  according  to  which  the  circulation  of 
the  blood  in  man  and  the  higher  animals  is  accomplished  by  means 
other  than  those  just  indicated,  such  as  the  contractile  powers  of 
arteries,  the  approximation  of  organs,  an  inherent  motory  power  in 
the  blood  or  nutritive  fluid,  &c.,  &c.,  are  purely  hypothetical. 
Wherever  accurate  observations  and  decisive  experiments  are  pos- 
sible, there  new  proof  is  obtained  of  the  fact  that  the  juices  and  the 
blood  are  distributed  by  purely  mechanical  means.  It  is  only  as 
regards  vegetables  that  we  are  still  compelled  to  betake  ourselves  to 
hypothesis  '**. 

$  120.  It  is  an  invariable  and  most  important  circumstance  with 

s^i  As  already  stated,  no  one  has  yet  succeeded  in  showing  either  pulsatory 
organs  or  cilia  in  vegetables.  The  simplest  form  under  which  the  motion  of  the 
sap  at  large  takes  place  is  that  which  is  seen  in  the  chara.  Here  we  have  hitherto 
been  forced  to  seek  the  cause  of  the  motion  in  the  sap  itself  rather  than  in  the 
bounding  parietes  of  the  canals.  [The  sorely  vexed  question  of  the  capillaiy 
circulation  has  been  lately  approached  again  by  Mr.  Martyn  Roberts  in  an  in- 
genious paper  On  the  Analogy  between  the  phenomena  of  the  Electric  and  Nervcms 
Influences^  (Land.  Edbib.  andDuUin  PhUoe.  Mag,  July  1841).  Mr.  Roberts  is  in- 
clined to  lay  great  stress  on  a  neuro-electric  influence  which  he  invokes,  and  which 
he  thinks  has  the  effect  of  annulling  the  attraction  of  cohesion  between  the  liquids 
and  soUdB, — between  the  blood  and  its  containing  channels ;  bodies  in  like  states 
of  electrical  excitement  are  known  to  repel  each  other;  and  Mr.  Robert8*s  theory 
would  account  for  the  line  of  blood-globules  which  we  observe  so  regularly  keep- 
ing the  centres  of  the  vessels.  The  best  and  highest  authorities  agree,  however, 
in  regarding  the  power  of  the  heart  as  quite  competent  to  circulate  the  blood. 
Still  Mr.  Roberts's  views  are  ingenious,  and  supposing  them  to  be  well  founded, 
we  see  that  the  heart,  weaker  than  it  is,  would  still  be  adequate  to  perform  its 
function ;  the  slightest  imaginable  pressure  would  suffice  to  force  fluids  through 
tubes  between  which  and  them  the  attraction  bf  cohesion  is  either  greatly  reduced 
or  entirely  destroyed.    R.  W.] 
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regari  to  the  peripheral  circulation,  to  observe,  that  all  the  arterial 
streamlets  either  turn  round  and  end  immediately  in  veins,  or  the 
two  orders  of  vessels,  arteries  and  veins,  are  in  uninterrupted  commu- 
nication with  one  another  by  the  meshes  of  an  intermediate  vascular 
net-work.  This  is  demonstrated  by  experiments  with  fine  injections 
in  the  dead  body,  in  the  course  of  which  the  matters  are  constantly 
found  passing  over  from  the  arteries  to  the  veins  (§  116),  and 
by  direct  observation  of  the  course  of  the  circulation  in  the  tran- 
sparent parts  of  living  animals.  The  best  subjects  for  observation 
are  the  web  of  the  frog's  foot,  the  tail-fin  of  a  small  fish,  the  mem- 
brane of  a  bat*s  wing,  the  gill  of  the  larva  of  the  water-newt,  the 
tail  of  the  tadpole,  young  embryos  of  cold-blooded  animals,  &c.  A 
variety  of  mechanical  expedients,  which  are  soon  found  out  by 
a  little  practice,  are  required  for  fixing  the  creatures  in  making 
such  observations'^*. 


'^  Cold*blooded  animals  are  by  ftr  the  best  subjects  for  enjoying  the  beau- 
tiful spectacle  of  the  circulation  for  a  length  of  time,  and  without  interruption. 
In  what  follows  I  shaU  say  as  much  as  I  think  necessary  to  enable  every  one  to 
undertake  such  observations  most  conveniently,  and  to  avoid  inflicting  needless 
pain  upon  the  subjects  of  them — a  duty  incumbent  upon  every  physiologist,  who 
ought  to  feel  that  vivisections  are  only  allowable  where  they  are  unavoidable. 
Every  season  of  the  year  is  not  alike  favourable  for  making  observations  on 
the  circulation.  It  is  only  in  the  spring  that  tadpoles  are  to  be  had,  but  they 
are  excellent  subjects.  They  should  be  roUed  up  in  moist  blotting-paper,  nearly 
to  the  end  of  the  tail,  and  so  laid  upon  a  plate  of  glass  of  sufficient  size,  and 
placed  under  the  microscope,  the  wrapper  of  bibulous  paper  being  kept  con- 
stantly moist  by  a  few  drops  of  water  let  fall  on  it  from  time  to  time.  In  this 
way  the  circulation  may  be  watched  for  hours,  and  the  tadpole  set  free  at  the 
end  of  the  observation  b  nothing  the  worse.  Young  and  still  transparent  fishes 
may  also  be  treated  in  the  same  way,  and  are  excellent  subjects,  but  they  require 
more  delicate  handling  than  tadpoles.  The  circulation  in  the  allantois  of  the 
young  embryos  of  lizards  and  snakes  is  also  a  very  beautiful  sight,  when  these 
sabjecta  can  be  had  at  the  proper  point  of  evolution ;  they  require  to  be  removed 
from  the  ova,  and  observed  covered  with  fluid  albumen  in  a  watch-glass.  In 
the  winter,  I  find  frogs  the  best  subjects ;  fishes  are  then  much  less  proper.  In 
the  web  of  the  hind  foot  of  the  common  frog  (Rana  temporaria),  the  circulation 
is  perhaps  seen  to  as  great  advantage  as  anywhere.  All  our  better  microscopes 
are  now  provided  with  a  stage  adapted  for  placing  the  animal,  which  is  best 
secured  by  being  put  into  a  linen  or  calico  bag,  with  tapes  at  each  comer  to  tie 
it  down  by.  If  the  stage  have  a  piece  of  soft  wood  with  a  round  hole  pierced  in 
it,  the  web  is  more  readily  and  more  advantageously  secured  over  fhis  by  being 

'2  B 
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$.  121.  When  a  transparent  part  of  a  cold-blooded  anima],  the 
veb  of  the  frog's  foot,  for  example,  is  examined  under  a  low  mag- 
nifying power,  the  directions  of  the  arterial  and  venous  currents  are 
readily  discoyered  (Fig.  CLX.  a  a,  b  by.    The  anastomoses  of  both 

pinned  down  in  its  circumfeTcnce,  than  by  threads  passed  round  the  toea  and 
braced  out  in  different  directiona.  The  web  ought  of  course  to  be  kept  con- 
stantly wetted  with  fair  water.  The  mesentery  of  the  fiog,  or  of  a  small  warm- 
blooded snimal,  such  a«  s  mouse,  the  wing  of  the  bat,  &c.  &c.,  are,  on  grounds 
readily  conceivable,  much  less  &vourable  subjects  for  observation.  To  obtain  a 
view  of  the  entire  emhiyonic  circulation,  the  incubated  ben's  egg  of  the  third 
and  founh  day  should  be  chosen.  The  shell  being  carefully  removed  on  the 
lateral  aspect  of  the  egg,  the  germinal  membrane  must  be  cut  away  from  the 
vitellua  at  the  distance  of  a  few  lines  from  the  sinus  terminslis,  and  gently  placed 
in  a  watch  glass  with  a  tittle  water  warmed  to  blood  hest,  and  having  a  few  grains 
of  conunon  salt  dissolved  in  it.  The  adhering  particles  of  the  yolk  are  tben  to 
be  washed  away,  the  water  renewed,  the  temperature  being  careftilly  kept  up  aU 
the  while  by  the  addition  at  intervsls  of  a  drop  or  two  of  warm  water.  To 
observe  the  circulation  in  the  respiratory  system,  the  larvte  of  tbe  water-newt 


Fio.  CLX.  Membrane  between  two  of  the  toes  of  tbe  &og's  (Rana  esculen- 
ta)  bind-lbot,  with  tbe  vessels  and  their  snsstomoses,  drawn  under  the  lens,  sod 
magnified  three  diameters,    a  o,  Veins,    b  A,  Arteries. 
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orders  of  vessels  are  seen  distinctly.     Under  a  higher  power  (Fig. 
CLXI.  and  CLXlI.)a  net-work  of  very  fine  vessels  is  perceived  lying 
now  over,  now  under  the  larger  branches,  and  connected  with  these  by 
small  twigs.  In  the  largervessels  the  arterial  and  venous  currents  are 
distinguished,  not  merely  by  their  opposite  directions,  but  also  by 
the  kind  of  motion  appropriate  to  each:  that  of  the  arteries  is  dis- 
may be  selected  to  show  it  as  it   takes  place   through  gills,   the   branchial 
fiinges  being  beautiAilly  transparent  here.    The  best  subjects  for  obserring  the 
circulation  through  the  lungs — a  magnificent  spectacle,  though  it  unfortunately 
iuta  for  but  a  short  time — ^are  strong,  large  newts.    The  animal  should  be 
strangled  after  it  has  distended  its  lungs,  the  noose  being  pulled  with  moderate 
tightness.    The  abdomen  is  then  to  be  laid  open,  and  the  entire  animal  being 
held  in  the  hands,  is  placed  upon  a  glass  plate  as  a  port-object,  and  one  of  the 
lungs  brought  into  the  field  of  view.     To  obtain  a  sight  of  the  circulation  in 
glandular  organs,  the  larvae  of  water-newts  are  still  the  best  subjects :  to  observe 
that  of  the  liver,  in  particular,  simple  lenses,  or  low  powers  with  aplanatic 
eye-pieces  when  the  compound  microscope  is  used,  should  be  chosen.    When 
we  would  examine  the  circulation  in  transparent  parts,  magnifying  powers  of  firom 
100  to  200  diameters  are  preferable ;  but  to  obtain  a  satisfiictory  general  view  of 
larger  parts,  we  cannot  go  beyond  a  power  of  fit>m  40  to  50  diameters.   To  scru- 
tinize  individual  appearances,  we  frequently  mount  to  powers  magnifying  400 
and  500   [and  even  800]  diameters.     Vide  fig.  CLXIII.,  in  which  the  web  of 
the  frog's  foot  is  represented,  this  being  for  all  purposes  of  observation  in  the 
direction  that  engages  us  the  most  accessible  and  convenient  subjects. 


Fig.  CLXI. 


Fio.  CLXI.  A  portion  of  the  web  of  afrog*s 
^t,  exhibiting  the  included  net-work  of  ves- 
sels, magnified  45  times.  The  angular  unnu- 
cleated  cells  c  c,  of  the  parenchyma,  which  lies 
between  the  different  vessels,  are  beautifully 
shown ;  a,  is  a  deeper-lying  venous  trunk,  with 
which  two  smaUer  capiUary  veins,  b  &,  commu- 
nicate. The  superficial  net-work  of  capil- 
laries is  seen  admitting  but  a  single  series  of 
blood-globules.  AU  the  vessels  here  figured 
are  furnished  with  distinct  parietes. 
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tinctly  jerking  or  pulsatory,  but  it  gets  ever  lesa  and  less,  so  as  the 
minuter  subdivisions  are  attained,  and  in  the  intermediate  and  finest 
vessels  of  all  it  becomes  a  condnuous  stream,  which  has  the  character 
appropriate  to  the  venous  current.  In  all  the  vessels,  even  in  the 
very  finest,  a  distinct  boundary,  formed  by  a  simple  dark  line,  is  per- 
ceptible ;  the  surrounding  parenchyma,  now  distinctly  cellular,  (Fig. 
CLXI.)  now  rather  granular  and  fused  though  still  including  indi- 
vidual  ramified  pigmentary  cells  within  it,  (Fig.  CLXII.)  is  sharply 
limited;  the  vessels  never  appear  as  simple  channels  pierced  through 
its  substance  and  without  distinct  parietea.  Larger  vessels  (Fig. 
CLXII.  and  CLXIII.)  are  obviously  enough  furnished  with  darker 
parietes,  composed  of  various  Uyers  of  fibres.     In  the  most  minute 


Fio.  CXLIL  VwcuIbt  rete  and  circulation  of  the  web  of  the  hiod-fbot  of 
Rana  temporaria,  magnified  110  timea.  The  individual  celle  of  the  pareDchyma 
at«  indefinite  sod  obscure.  The  black  ipota,  some  of  them  Btar-ehaped,  are  de- 
poaitiona  of  pigmenlar;  matter.  The  deep  veaous  trunk,  a,  compoMd  of  three 
principal  bnncheft,  bbb,iB  covered  with  a  rete  of  smaller  veasela.  Mingled  vitb 
the  oral-nhaped  blood-globulea  the  smaller  and  rounder  lymph-globulea  are  ap- 
parrot,  here,  under  the  blood-globules,  there,  more  on  the  outtide  of  the  Btream. 
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Teasels  there  is  room  for  no  more  thaoa  single  row  ofblood-corpas- 
cles,  and  even  theae  can  only  pass  by  their  long  diameters  through 
the  axis  of  the  vessel.  The  larger  vessels  admit  several  blood-cor- 
posclea  tt^ether,  and  in  the  decidedly  arterial  or  venous  branches, 
they  are  observed  passing  on  in  all  positions — three,  four  and  five 
abreast,  over  and  near  to  one  another,  but  thoae  in  the  centre  of  the 
current  always  in  more  rapid  motion  than  those  on  its  outside  and 
in  contactvrith  the  walls  of  thevessel.  (Fig.  CLXII.  andCLXlIL} 
Occasionally  we  observe  single  vessels  of  larger  calibre  running  very 
immediately  under  the  epithelium,  which  is  made  up  of  tabular  cells 
with  nuclei,  through  which  the  fibrous  parietes  of  the  vessel  are 
seen  shining  (Fig.  CLXIII)*^. 
{  12S,  A  magnifying  power  of  from  two  to  three  hundred  di- 

*•*  Among  the  older  repreaenUtions  of  the  circulstiou  in  the  capOlarj  veeseli 
the  best  ore  itill  those  of  Reichel  :  De  Sanguine  ejtuqut  mahi  rxpmmeiiia,  4to. 
LqM,  1767 ;  and  of  Doemnger :  On  the  Cirovlaiion  of  the  Blood,  in  DejJuchriJt 
der  Mttiuihafr  Acad.  Bd.  VII.  IBIB — 20.  Among  those  of  recent  date,  the  best 
sre  probsbljr  cont^ned  in  Dr.  Msrdisll  Hall's  Cr^ical  and  Experimental  Esiai/ 
mi  the  Cimdation,  8to.  Lond.  1831,  and  in  Scbultz's  Si/ilem  of  At  Cireulatim, 
^.  Tab.  Vn. 


Fra.  CLXIII.  A  venous  branch  from 
the  webof  BanatempoTSjUmagDifiedSAO 
times,  running  immediately  under  the  lur- 
Ace.  The  cella  of  the  epidennis,  hhbb, 
flattened,  moetl;  aix-dded,  connected  like 
B  ^KCK  of  pavement,  and  geDerall;  pro- 
vided with  nuclei,  are  seen  extended  OTer 
the  vesseL  The  clueely  serried  column 
of  blood-globules,  some  with  their  edges 
others  with  their  broad  bees  turned  to  the 
eye,  is  distinguished  ;  in  the  clear  space 
betwist  the  blood-globules  and  the  parietee 
of  the  vessel,  which  appear  made  up  of 
longitudinally  disposed  parallel  fibres,  the 
round,  clear,  and  more  sluggiehlj  moving 
lymph-globules  are  apparent.  The  object 
is  represented  under  a  weak  light. 
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ameters  is  required  to  make  out  the  particular  details  of  the  periphe- 
ral circulation.  The  blood  in  mass  or  in  the  larger  channels,  is  seen 
to  flow  more  rapidly  than  in  the  smaller.  Here  the  blood-corpua- 
cles  advance  with  ^eat  rapidity,  especially  in  the  arteries,  and  with  a 
whirling  motion,  and  form  a. closely  crowded  stream  in  the  middle 
of  the  ressel,  without  ever  touching  its  parietes.  With  a  little  at- 
tention a  narrower  and  clearer  but  always  very  distinct  space  is  seen 
to  remain  betwixt  the  great  middle  current  of  blood-corpuscles  and 
the  bounding  walls  of  the  vessel,  in  which  a  few  of  the  lymph-cor- 
puscles (S  95)  are  moved  onwards,  but  at  a  vastly  slower  rate  (Fig, 
CLXIII  and  CLXIV}*".    These  round  lymph-corpuscles  swim  in 

*"  These  clear  tympb-apccei  were  known  to  the  older  oboeiren,  but  weie  not 
psrticulul;  regarded.  In  recent  timei  Scfaulti  remarked  them,  Cuvulatag 
i%(t  p.  46,  and  Poiseuille  directed  particular  attention  to  them,  ^itn.  det  Se. 
Nat  1836,  p.  3,  but  the;  have  been  more  closelj  studied  b;  E.  H.  Weber,  than 
bj  any  oue  elae,  MUller'a  AFchiv.  1837,  S.  267.  Hie  first  coDcluaion  waa,  that 
the  clear  space  was  bounded  bj  particular  walls,  each  minute  blood-vessel  being 
consequently  included  within  B  lymph  canal;  but  he  soon  gave  up  this  idea,  whitdi 
I  in  my  '  Contnbutioni,'  and  Ascberson  (MUller's  ArcliiB^  1837)  have  shown  to 


Pig.  CLXrV.  View  in  outline 
of  a  Urge  vein  of  the  frog's  foot 
magnified  600  times.  The  blood- 
globoles,  b  and  c,  present  some- 
timea  their  thin  edges,  sometimes 
their  broad  sur&cea,  here  they  lie 
parallel,  there  diagonally,  and  else- 
where athwart  the  course  of  the 
vessel.  The  lymph-^bules,  a  a, 
are  priucipaUy  conspicuous  in  the 
clear  space  near  the  walls  of  the 
vessel. 
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smaller  numbers  in  the  transparent  liquor  sanguinis,  and  glide  slowly, 
and  in  general  smoothly,  though  sometimes  they  advance  by  fits  and 
starts  more  rapidly,  but  with  intervening  pauses,  and  as  a  general 
rule,  at  least  from  ten  to  twelve  times  more  slowly  than  the  corpuscles 
of  the  central  stream.  The  clear  space  filled  with  liquor  sanguinis 
and  lymph-corpuscles  is  obvious  in  all  the  larger  capillary  vessels, 
whether  arterial  or  venous;  but  it  ceases  to  be  apparent  in  the 
smaller  intermediate  vessels,  which  admit  but  one  or  two  ranks  of 
blood-corpuscles  (Fig.  CLXI.)  In  these  vessels  the  round  lymph- 
corpuscles  are  seen  swimming  under,  over,  and  behind  the  oval  blood- 
discs,  both  of  them  proceeding  ^ari  j7(M^  here,  and  having  the  same 
moderated  motion :  still  it  is  impossible  not  to  observe  that  the  blood- 
corpuscles  are  possessed  of  a  greater  degree  of  lubricily,  that  they 
evidently  glide  more  readily  over  one  another  and  over  the  smooth 
walls  of  the  vessels,  than  the  lymph-corpuscles,  which  seem  often  to 
get  set  fast  at  the  bendings  of  the  vessels,  and  at  the  angles  where 

he  uotenable.    [Vide  farther  on  this  subject  the  addition  to  Annot,  p.  292.   R.W.] 
Weber  is  inclined  to  view  the  lymph-corpuscles  as  products  of  the  degeneration 
of  the  blood-corpuscles.    He  observed  that  a  lengthened  stasis  of  the  blood  in 
the  vessels  was  followed  by  the  appearance  of  lymph-corpuscles    in    great 
numbers.    The  blood-corpuscles  stuck  to  one  another  and  to  the  walls  of  the 
vessels,  and  rolled  over  and  over  in  contact  with  these.  They  obviously  acquired 
a  globular  figure  from  this  kind  of  motion,  and  the  red  colouring  matter  became 
diffused  through  the  serum,  whilst  the  corpuscles  themselves  graduaUy  lost  their 
red  colour.     Weber  sometimes  saw  rolling  globules  that  were  distinctly  red ;  he 
observed  other  corpuscles  that  were  red  and  irregular  in  shape,  but  that  still 
bore  indications  of  their  original  form.   According  to  Weber,  a  stasis  of  the  blood 
in  individual  vessels  is  so  common  an  occurrence,  and  happens  from  such  slight 
causes,  that  it  even  appears  to  him  to  come  within  the  number  of  normal  pheno- 
mena, and  to  have  its  uses  in  reference  to  nutrition.     Vide  MQller*s  Archiv,  1838. 
[The  breaking  up  of  the  blood-corpuscles,  here  alluded  to  by  Weber,  has  been 
lately  particularly  studied  by  an  excellent  English  observer,  Mr.  Quekett,  the 
results  of  whose  observations  are,  that  the  corpuscles,  when  at  rest,  in  a  short  time 
become  jagged  or  spinous,  first  round  their  margins,  and  then  on  their  fiat  sur- 
&ce8 ;  the  projections  thus  produced  are  soon  rounded  off*,  and  assume  the  form 
of  globules  inclosed  within  the  corpuscles,  by  which  these  last  acquire  the  gra- 
nulated or  mtdberry  appearance  so  often  described.    The  globules  formed  in  the 
manner  indicated  are  by  and  by  set  fi'ee  from  the  containing  envelopes,  being  in 
some  instances  sent  off*  with  a  jerk,  in  which  case  they  may  be  seen  moving  about 
with  a  molecular  motion ;  in  others  they  escape  quietly  by  the  margins  of  the 
corpuscles,  when  they  continue  to  adhere  to  the  parent  corpuscles.    R.W.] 


300  CIRCULATION. 

anastomosing  branches  are  received  or  given  off;  there  they  remain 
sticking  for  an  instant,  and  then  they  are  suddenly  carried  on  again. 
Single  blood-corpuscleS|  too,  may  frequently  be  observed  hurled  by  a 
wave,  as  it  were,  against  angles  of  the  containing  vessels,  and  to  re- 
main hanging  for  a  brief  interval ;  at  these  times  they  may  be  seen 
quivering  or  oscillating,  in  spite  of  the  pressure  they  must  undergo- 
but  their  stoppages  are  never  long,  they  soon  fly  off  again,  or  becom- 
ing involved  in  the  general  stream  they  are  borne  onwards.  In  con- 
templating the  circulation  tmder  these  circumstances,  a  spectacle  of 
the  most  interesting  kind  is  presented  to  the  eye :  the  little  molecules 
of  the  blood  are  seen  in  ceaseless  motion  and  alive,  but  altogether  with- 
out inherent  activity,  now  borne  forward  as  upon  gentle  waves,  and 
then  pushed  more  impetuously  along ;  now  advancing  in  serried 
ranks,  now  threading  their  way  in  single  files,  the  entire  phenomena 
dependent  upon  the  activity  of  the  central  organ.  In  the  most  mi- 
nute intermediate  vessels  of  all,  a  great  degree  of  repose  is  apparent ; 
single  streams  are  often  only  recognizable  by  their  bounding  parietes ; 
comprehended  within  two  dark  lines,  these  vessels  are  usually  filled 
with  the  liquor  sanguinis  alone ;  it  is  at  intervals  only  that  a  blood- 
corpuscle,  more  rarely  a  lymph-corpuscle,  from  some  neighbouring 
and  larger  streamlet  detaches  itself  and  makes  its  way  into  the  ca- 
nal, which  till  now  had  appeared  empty ;  one  corpuscle  entering  in 
this  way  is  frequently  followed  by  several  others  in  pretty  rapid 
succession,  and  then,  or  without  anything  of  the  kind  occurring,  the 
vessel  for  a  long  time  circulates  nothing  but  the  limpid  plasma. 
Whether  there  are  any  vessels  or  not  that  never  circulate  aught  but 
plasma,  refusing  by  reason  of  the  smallness  of  their  diameters  at  all 
times  to  admit  the  blood-corpuscles,  is  doubtful*^. 

'^  Schultz  (loc.  cit.  p.  169)  says :  "  In  the  peripheral  vascular  network  of 
transparent  parts,  we  perceive  the  greater  number  of  the  vessels  filled  with 
plasma,  in  which  a  larger  or  smaller  number  of  vesicles  (blood-corpusdes)  are 
suspended.  These  first  attract  the  eye.  But  besides  and  between  these  we  soon 
perceive  vessels  of  greater  minuteness,  into  which  no  vesicle  [blood-corpuscle] 
enters,  their  mouths  or  apertures  being  of  smaller  diameter  than  the  blood-discs. 
These  vessels  seem  to  be  empty  when  viewed  with  a  shaded  light ;  but  with 
bright  illumination  they  are  found  to  be  permeated  by  colourless  plasma  without 
blood-corpuscles.  These  vessels  I  propose  to  call  *  plastic  vessels,*  by  reason  of 
the  nature  of  their  contents,  and  because  they  are  not  connected  with  any  serous 
secretion,  but  are  rather  destined  for  purposes  of  nutrition."  Were  the  fact  as  now 
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$  123  Such  is  the  peripheral  systemic  circulatiou  in  every  tissue 
susceptible  of  special   examination.     In  the  peripheral  vessels  of 

stated,  proved  correct,  it  would  be  of  the  highest  consequence.    But  as  set  forth 
by  Schultz,  I  cannot  assent  to  its  accuracy.    I  have,  it  is  true,  and  this  especially 
in  the  tadpole,  more  rarely  in  the  adult  animal,  observed  that  individual  inter- 
mediate vessels  were  so  narrow  that  no  blood-corpuscle  entered  them,  lymph- 
corpuscles  only  were  admitted,  and  sometimes  not  even  these,  or  if  one  or  two 
did  penetrate,  they  seemed  to  make  their  way  through  with  the  greatest  diffi- 
culty.   From  the  larger  capillaries,  we  sometimes  see  transverse  twigs  sent  off, 
having  a  broad  basis  but  contracting  suddenly,  and  occasionally  appearing  to  end 
in  blind  canals,  or  to  be  prolonged  into  canals  of  extreme  tenuity,  which  penetrate 
between  the  cells  of  the  parenchyma,  (something  in  the  manner  of  Fig.  CLVIII). 
But  such  vessels  are  so  rare  and  so  dissimilar  in  form,  that  I  cannot  regard  them 
SB  peculiar  vessels.     May  they  perchance  be  vessels  in  the  course  of  becoining 
obliterated,  remainders  of  the  primary  peripheral  vascular  system  in  the  embryo  ? 
At  all  events,  the  subject  is  deserving  of  &rther  inquiry.     Were  such  vessels 
found  to  be  constant,  the  plasma  would  by  their  means  be  carried  into  imme- 
diate contact  with  the  minutest  elements  of  the  organs  and  tissues  (cells). 
Two  facts  seem  worthy  of  being  especially  considered  and  investigated :  1.  That 
the  most  successful  fine  injections  always  show  a  larger  number  of  minute  vas- 
cular net-works  than  the  immediate  observation  of  the  same  parts  not  injected 
brings  to  light ;  2.  That  parts  which  are  extremely  .poor  in  vessels  under  ordi- 
nary circumstances,  become  highly  vascular  in  acute  inflanunations ;  the  sudden 
appearance  of  the  multitude  of  sanguiferous  vessels  that  then  come  to  light  can 
neither  be  explained  by  supposing  a  new  formation  of  vessels,  nor  an  enlargement 
of  those  that  in  the  usual  and  normal  state  are  apparent.     [In  a  paper  read 
before  the  Royal  Society  in  the  course  of  the  last  Session  (1840 — 41)  on  the 
organization  and  nutrition  of  parts  extravascular  and  of  low-vascularity,  Mr. 
Toynbee  has  satisfactorily  shown  that  there  are  many  tissues  into  which,  in 
their  state  of  complete  development  and  perfect  health,  no  vessel  penetrates ; 
and  that  the  vessels  which  anatomists  generally  had  traced  to  the  circumference 
of  such  tissues,  whence  they  were  supposed  to  be  continued  into  their  substance 
as  serous  vessels,  actually  terminate  in  veins  without  the  limits  of  the  tissues  in 
question.     That  the  peculiar  arrangement  of  vessels  around  tissues  of  low-vas- 
cukrity  as  described  and  figured  by  Mr.  Toynbee,  exists,  there  can  be  no  doubt ; 
but  forced  injections  and  pathological  conditions,  I  conceive,  show  something  in 
addition ;  I  remember  when  a  student  myself  to  have  forced  fine  injections 
into  tissues  in  which  in  health  no  blood-vessel  was  ever  seen,  such  as  the 
transparent  cornea.      The  force  we  use  with   the  injecting  syringe  is  often 
8  or  10  times  that  of  the  heart,  and  we  not  only  greatly  distend  those  vessels 
that  circulate  red  blood,  but  we  dilate  others  that  naturally  admitted  an  in- 
sufiiciency  of  red  particles  to  make  them  visible.    A  vessel  with  a  single  row  of 
blood-discs  and  interspaces  about  the  size  of  the  discs,  so  far  from  appearing 
red,  -is  invisible  to  the  naked  eye,  at  least  in  manmials.     But  it  might  be  dis- 

2  c 
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evei;  part  yet  examined,  the  leparatioa  into  the  quicker  stream  of 
blood-corpuscles  in  the  centre,  and  of  the  slower  one  of  liquor  san- 
guinis in   the  circumference  above  indicated,  has  been  obaerred. 

tended  snd  made  conspicuous  by  an  injection  j  and  in  inflammation  sncb  a 
miimte  tcuoI  may  snd  does  become  turgid  and  plainly  red  &om  the  accumnla- 
tion  of  blood-coipusclea  iritllin  it.  Proof  is  yet  required  of  the  existence  of  an 
order  of  intermediate  vessels  which  admit  only  the  colourless  psrt  of  the  blood; 
the  blood -corpuscles  sre  so  soft  and  so  readily  adapt  themselTea  t«  any  kind  of 
minute  channel,  that  they  may  eauly  tiSTerse  vessels  of  less  diameter  tbao 
themselves,  as  noticed  in  a  preceding  note.  The  blood-discs,  as  such,  sre 
obviously  nnStted  for  the  immediate  purposes  of  natritioD ;  yet  eTerythiiig 
satisfies  n«  that  they  sre  the  important  element  in  the  blood ;  they  are,  in  fact, 
■tores  of  nutritive  matter,  which  as  they  are  incessantiy  produced  from  the  food 
consumed,  so  they  must  be  incessantly  decompounded  and  dissolved  in  the  liquor 
sanguinis  to  supply  the  wants  of  the  system.    R.  W.] 


Fis  CLXV.   Portion  ofthe  lung  of  alive  Triton  diawn  under  the  microscope 
and  wagnilled  130  Uiiies. 
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But  the  circulation  of  the  lespiratoiy  apparatus,  whether  lungs  or 
gills,  offers  a  most  remarkable  exception  to  this  rule,  so  uniform  in 
reference  to  the  circulation  at  large.  The  capillaries  of  the  respira- 
tory oi|^n  arefilledwith_bIoodgenerally,t.e.liquorsanguinis,  with  its 
superadded  blood  and  lymph-corpuscles, — to  their  very  walls.  (Fig. 
CLXV.  and  CLXVI^.  It  is  only  in  the  larger  capillary  vessels 
that  a  thin  stratum  of  plasma  is  to  be  seen  in  contact  with  the  pari- 
etes,  which  are  much  more  delicate  than  those  of  the  systemic  cir- 
culation, and  not  like  them  formed  of  a  aeries  of  dark  fibrous  layers. 
The  circulation  through  the  lungs  of  the  water-newt  is  a  very  beau- 
tiful object.  The  pulmonary  arteries  here  expand  very  speedily 
into  a  fine-meshed  net-work  of  intermediate  Tessels,  which  in 
general  admit  no  more  than  single  liles  of  blood-corpuscles,  and 
play  around  very  minute  islets  gf  the  parenchyma  of  the  lung. 
(Fig.  CLXVI,}  The  vessels  always  appear  with  distinct  parietea, 
and  terminate  partly  in  capillary  veins  of  the  same  character  as 
themselves,  (Fig.  CLXV.)  partly  in  larger  venous  trunks.  The 
blood-corpuscles  mixed  vrith  lymph-corpuscles  (Fig.  CLXVI.),  as 
already  stated,  fill  both  arteries  and  veins  close  to  their  parietea. 
The  same  appearances  are  presented  in  the  branchial  fringes  of  the 
larva  of  the  water-newt  "^. 

*^  This  fact  with  regard  to  the  circulation  in  the  lungs  which  I  was  myself 
the  flnt  to  obBcrre,  I  have  found  cootirmcd  by  all  my  BubBcquent  researches. 
Vide  my  Ctmtributioiu,  &c.,  pt.  2,  p.  33.  Gluge  has  8l«o  noticed  that  the 
transparent  layer  in   the   stream   circulating  through   a.  capillary  vessel  which 


Fia.  CLXVI.  One  of  the  pulmonary 
islets  bounded  by  cBpiUariea  on  three 
sides,  by  a  larger  venous  branch  on  the 
fourth  [side,  a  b  c  are  lymph -globules 
mingled  with  the  blood-globules.  The 
object  is  magnified  about  300  times. 
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§  124.  The  older  physiology  disseminated  a  number  of  erroneous 
views  in  regard  to  the  final  terminations  of  the  arteries^  and  the 
structure  of  the  peripheral  vascular  system,  which  still  find  accre- 
dence  with  practitioners,  and  even  now  occasionally  make  their  ap- 
pearance in  pathological  writings.  Observation  recognizes  but  one 
kind  of  termination  in  reference  to  an  artery — ^a  passage  into  a  vein 
through  a  capillary  vessel,  and  an  intermediate  net-work.  All  re- 
cent inquiry  shows  that  any  other  termination, — in  the  secreting 
canals  of  glands,  in  what  have  been  called  exhalant  vessels,  in  pores 
in  the  parietes  of  vessels,  &c,  &c., — ^is  wholly  inadmissible. 

§  125.  The  most  remarkable  changes  which  the  blood  undergoes 
take  place  during  its  retardation  or  stasis  in  the  peripheral  vascu- 
lar system.  It  is  whilst  the  arterial  blood  is  passing  through  the 
delicate  capillary  vessels  and  the  intermediate  vascular  net-work  of 
the  body,  namely,  that  it  becomes  changed  into  venous  blood.  Cer- 
tain chemical  changes  then  take  place  that  are  especially  proclaimed 
to  us  by  a  modification  in  the  state  of  the  colouring  matter  of  the 
blood ;  but  unquestionably  other  changes  are  efiected  at  the  same 
time  in  the  state  of  the  constituents  of  the  fluid  generally.  In  the 
capillary  vessels  of  the  lungs,  on  the  contrary,  where  the  blood  comes 
into  contact  with  the  air  of  the  atmosphere,  the  change  from  dark 
venous  into  bright  arterial  blood  is  again  accomplished.  In  the  se- 
creting organs,  again,  other  changes  are  efiected  in  the  blood,  and 
separations  take  place  from  its  mass.  As  a  general  rule,  the  peripheral 

sometimes  measures  as  much  as  one-eighth  of  the  diameter  of  the  vessel,  is  so 
fine  in  the  lungs  of  the  frog  that  it  scarcely  amounts  to  one  half  the  diameter 
of  a  primitive  fihre  of  the  cellular  substance.  Arm,  des  Sc.  Nat.  voL  xi.  p.  60, 
1839.  [After  all,  there  appears  to  be  no  exception  in  regard  to  the  layer  of 
plasma  in  the  circulation  of  the  lungs ;  it  exists  here  as  elsewhere ;  it  is  only 
smaller  in  amount.  Physiologists  seem  to  have  been  greatly  at  a  loss  for  ao 
explanation  of  the  phenomenon ;  any  that  has  been  offered  has  probably 
appeared  so  little  satisfactory  to  the  author,  that  he  leaves  the  point  untouched. 
The  views  of  Mr.  Roberts,  however,  enable  us  to  account  for  it,  at  the  same 
time  that  its  existence,  though  probably  not  known  to  him,  is  strong  confirmatioo 
of  the  truth  of  his  conclusions.  The  blood- corpuscles,  as  the  solid  element  io 
the  current,  are  most  poweriuUy  repelled  by  the  parietes  of  the  vessel  that  en- 
closes them  on  every  side,  and  so  they  necessarily  occupy  its  centre.  On  asking 
Mr  Roberts  where  the  blood-corpuscles  ought  to  be  found  in  the  circulating 
mass — congregated  in  the  centre  or  rolling  in  the  circumference  of  the  stream  ? 
he  replied :  in  the  centre  of  the  stream.     R.  W.] 
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vascular  rete  here  consists  of  a  resolution  of  the  arterial  and  venous 
vascular  systems.  In  particular  instances,  however,  in  the  liver,  for 
iDstance,  the  venous  blood  of  the  intestines  and  abdominal  viscera 
generally,  collected  into  the  vena  portae,  undergoes  distribution  a 
second  time  through  a  peripheral  net-work,  which  forms  combinations 
with  the  other  vessels  that  enter  and  quit  the  viscus.  In  the  lower 
vertebrate  animals,  such  as  amphibia  and  fishes,  a  system  of  the  same 
kind  is  encotmtered  in  connection  with  the  kidneys. 

The  whole  end  and  aim  of  the  circulation  is  therefore  to  convey 
the  blood  to  the  periphery,  that  it  may  there  minister  to  the  growth 
and  maintenance  of  the  body,  and  farther  afford  elements  for  the 
various  secretions  **''. 

§  126.  Many  experiments  have  been  instituted  with  a  view  to 
determine  the  rate  of  the  circulation.  The  phenomena  of  absorp- 
tion  (Chapter  VI.)  afford  valuable  data  from  which  inferences  may 
be  drawn  in  regard  to  this  point.  Experimental  inquiry  would 
lead  us  to  conclude  that  the  entire  mass  of  blood  must  be  driven 
through  the  body  in  the  space  of  from  one  to  two  minutes,  and  even 
less ;  for  in  this  brief  interval  of  time  substances  introduced  into 
the  stomach  are  found  again  in  the  urine*^. 

The  motion  of  the  blood,  however,  has  obviously  different  degrees 
of  rapidity  in  different  parts,  according  to  the  structure  and  calibre 
of  the  vessels.  The  velocity  of  the  blood  is  greater,  for  example,  in 
the  trunks  than  in  the  minute  branches,  and  its  rate  in  the  capil- 
laries can  even  be  measured  with  the  eye  assisted  by  the  microscope^ 
the  length  of  time  which  a  particular  blood-corpuscle  requires  to 
traverse  a  space  of  ascertained  length  being  easily  determined.     It 

^*'^  See  the  Chapter  on  Respiration  and  Secretion. 

*^  In  the  experiments  of  Hering,  ferro-cyanate  of  potash  thrown  into  the  veins 
was  found,  after  very  brief  intervals  of  time,  in  very  remote  parts  of  the  body ; 
in  from  twenty- five  to  thirty  seconds,  for  example,  he  found  this  salt  in  the  blood 
of  the  jugular  vein  of  the  side  opposite  to  that  into  which  it  had  been  injected ; 
in  the  time  mentioned  it  must  therefore  have  passed  through  the  superior  cava, 
the  right  half  of  the  heart,  the  lungs,  the  left  half  of  the  heart,  the  aorta,  the 
carotidfl  and  their  capillaries,  and  the  jugular  vein ;  in  from  fifteen  to  twenty 
seconds  he  found  the  same  salt,  which  is  so  easy  of  recognition,  by  means  of 
reagents,  in  the  blood  of  the  maxillary  artery.  After  the  lapse  of  a  single  minute 
it  was  detected  in  the  kidney.  See  his  interesting  experiments  to  determine  the 
velocity  of  the  circulation  and  of  secretion,  in  the  third  volume  of  Tiedemann 
and  Trevinums's  Zeitgchrift, 
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has  been  found  in  this  way  that  a  blood-corpuscle  requires  a  minute 
to  pass  through  a  space  of  from  twelve  to  fifteen  lines  in  length, 
a  velocity  that  is  greatly  less  than  we  should  have  been  led  to 
expect  from  the  experiments  on  the  absorption  of  difierent  sub- 
stances already  alluded  to'*^  It  would  seem,  therefore,  that  re- 
newed experiments  are  wanting  to  determine  the  velocity  of  the 
circulation  with  certainty,  and  particularly  to  discover  the  different 
degrees  of  velocity  that  belong  to  it  in  different  organs  and  in  the 
different  sections  of  the  vascular  system. 

«*5  Consult  the  calculations  of  Weber  in  Mailer's -ArcAw  fiir  1837,  p.  466 


CHAPTER  III. 

OF    DIOESTION. 

§  127,  The  process  of  digestion  includes  the  whole  of  the  phe- 
nomena which  are  necessary  for  the  formation  of  fresh  blood  from 
the  food,  from  the  first  assumption  of  this,  to  the  entrance  of  the 
chyle  prepared  from  it  into  the  blood,  and  the  discharge  of  those 
parts  that  are  excrementitious.  The  older  physiology  divided  the 
digestive  process  into  several  acts  which  bore  reference  not  only  to 
the  essence  of  the  process  itself,  but  also  included  various  accessory 
considerations  depending  upon  the  participation  of  the  animal 
functions.  These  acts  were,  1st,  The  prehension  of  the  food  which  in 
the  animal  kingdom  is  effected  with  the  jaws,  assisted  by  other 
instruments  appropriate  to  the  purpose — ^hands,  feet,  claws,  talons, 
&c.  2nd,  The  mastication  or  mechanical  subdivision  of  the  food  by 
an  apparatus  contrived  for  this  purpose,  generally  a  chewing  appa- 
ratus connected  with  the  jaws.  3rd,  The  insalivation  of  the  morsel 
in  the  cavity  of  the  mouth.  4th,  The  deglutition  or  transference  of 
the  morsel  from  the  mouth  to  the  pharynx,  and  its  passage  from 
thence  to  the  stomach.  5th,  The  chymification  or  change  of  the 
food  into  a  pultaceous  mass  called  chyme,  by  means  of  the  chemi- 
cal process  that  goes  on  in  the  stomach.  6th,  The  chylification  or 
secondary  digestion  in  the  small  intestines  from  the  moment  of 
the  transmission  of  the  chyme  from  the  stomach  to  that  of  the 
passage  of  the  insoluble  remainder  of  the  food  into  the  great  intes- 
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tine.  Tth^  The  excretion  or  formation  of  the  excrement  during  the 
passage  of  the  insoluble  remainder  of  the  food  through  the  great 
intestine,  and  its  final  rejection  from  the  intestinum  rectum  *". 

§  128.  The  whole  of  Uie  structure  and  functions  of  the  digestive 
apparatus  are  calculated  to  annihilate  the  mechanical  and  chemical 
qualities  of  the  various  articles  that  are  assumed  as  food  from  the 
vegetable  and  animal  kingdoms ;  the  first  is  effected  by  means  of 
the  masticatory  apparatus,  and  partly  also  by  the  motions  of  the 
stomach  and  intestines ;  the  second  by  the  solvent  powers  of  the 
gastric  juice  and  of  the  different  fluids  added  to  the  alimentary 
mass  in  the  course  of  the  intestinal  canal.  Whatever  is  not  me- 
chanically made  smaller  and  chemically  dissolved,  whatever  is  not 
reducible  from  a  state  of  difference  to  one  of  indifference,  cannot 
serve  as  nutriment,  and  passes  either  unchanged  or  unused  away, 
or,  in  other  circumstances,  it  acts  as  a  mechanical  irritant  and  de- 
stroyer ;  or  it  proves  a  poison  to  the  organism,  when  it  is  not  altered 
in  its  noxious  properties  by  the  chemical  process  of  digestion,  but 
makes  its  way  unchanged  into  the  blood.  In  the  following  sketch 
we  shall  take  a  survey  of  the  morphological  relations  of  the  diges- 
tive apparatus  under  a  general  physiological  point  of  view,  and 
connect  the  most  important  organic  phenomena  of  the  act  of  diges- 
tion in  the  course  of  our  survey. 

General  Morphology  of  the  Apparatus  of  Digestion. 

§  129.  The  structure  of  the  digestive  system  exhibits  great  di- 
versities in  the  animal  serieS)  which  are  sometimes  connected  with 
the  kind  of  food  destined  to  be  consumed,  and  sometimes,  but  in  a 
less  degree,  with  the  element  in  which  life  is  passed.  The  simplest 
form  of  digestive  apparatus  is  a  tube  with  an  oral  and  an  anal  aper- 
ture, and  a  middle  enlargement  or  stomach,  or  with  a  single  aperture 
which  serves  both  for  mouth  and  fundament.     Among  these  lower 

*^  I  shall  here  consider  the  subject  of  digestion  in  the  manner  that  appears 
to  me  most  favourable  for  the  comprehension  of  its  essential  phenomena,  which 
are  apt  to  be  obscured  when  other  circumstances  connected  with  the  apparatus 
of  motion  are  included  along  with  it,  these  being  in  fact  much  more  appropri- 
ately considered  under  another  head.  Neither  shall  I  in  this  place  allude  to 
kinds  or  classes  of  alimentary  matters,  this  subject  belonging  rather  to  the 
general  and  applied  physiology,  where  it  will  be  found  discussed  and  the  foun- 
dation laid  of  a  physiological  system  of  dietetics.  « 
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forms,  tubular  canals  very  commonly  take  their  origin  from  the 
stomach,  and  like  vessels  distribute  the  chyme  immediately  to  the 
peripheral  parts  of  the  body.  In  these  instances  the  vascular  is 
obviously  not  yet  distinct  from  the  digestive  system.  This  is  the 
arrangement  which  we  observe  in  many  Medusae  and  Polypi,  as  has 
been  already  stated  ^^  (§  110.)  In  other  instances,  as  in  the  ma- 
jority of  the  star-fishes,  and  in  the  larvae  of  many  insects,  the  oral 
aperture  leads  by  a  short  oesophagus  into  a  more  or  less  capacious, 
membranous,  strongly  built  caecal  stomach,  destined  occasionally  to 
receive  alimentary  substances  of  the  hardest  and  roughest  kind, 
which  softens  and  dissolves  the  soluble  parts,  and  then  by  strong 
contractions  returns  the  insoluble  remainder  to  the  oral  aperture 
and  expels  it"*. 

§  130.  In  the  greater  number  of  the  invertebrata,  the  intestinal 
canal  and  its  appendages  are  in  all  essential  respects  the  same  as  in 
the  vertebrate  series ;  this  is  particularly  the  case  in  molluscs  and 
insects,  but  the  form  and  position,  as  also  the  prevailing  develop- 
ment, are  subject  to  much  variety,  which,  however,  is  also  found 
recurring  in  the  vertebrata.  But  there  is  this  remarkable  law 
found  dominating  the  whole  of  the  animal  creation,  so  infinitely 
varied  in  point  of  form,  that  there  is  as  a  general  rule  a  determinate 
organization  and  arrangement  of  the  digestive  apparatus,  typical  of 
the  individual  classes  which  compose  it.  In  molluscs,  without  excep- 
tion, the  liver  is  enormously  developed,  and  in  insects  the  reverse  of 
this  obtains,  the  liver  among  them  being  very  small ;  many  organs,  such 
as  the  spleen  and  pancreas,  are  only  observed  among  the  vertebrata, 
and  are  probably  peculiar  to  them,  and  so  on.  But  numerous  cases 
occur  in  which  great  differences  in  the  structure  of  the  apparatus 
of  digestion  are  encountered  in  families  of  animals  which  are  other- 

*^^  For  specific  details  upon  the  subject  of  this  and  the  immediately  succeed- 
ing paragraphs,  I  must  refer  to  m j  Elements  of  Comparative  Anatomy^  and  IcoMt 
Zootomies. 

^*  In  the  capacious  cascal  stomachs  of  the  Actinese  among  polypes,  and  of  the 
Asterias  among  echinodermata,  we  often  find  the  remains  of  animals  having  sbellB 
of  the  roughest  and  most  pointed  description— ^f  difierent  kinds  of  spinoas 
buccini,  of  small  crustaceans,  &c. — ^which  we  should  imagine  could  scarcely  be 
taken  into  the  body  without  injury,  and  which  are  nevertheless  rejected  as  empty 
tenements  by  and  by,  the  proper  animal  parts  having  been  completely  dissolved 
out  by  the  sharp  juices  of  the  stomach. 
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wise  very  closely  allied;  and  then   we  find  now  this  now  that 
member  of  the  chylopcBtic  system  wanting. 

§  131.  As  in  other  particulars  of  their  structure,  the  vertebrate 
animals,  and  especially  the  mammaliai  resemble  man  in  the  arrange- 
ment and  division  of  the  several  parts  of  the  digestive  apparatus. 
The  principal  differences  that  occur  are  connected  with  ihe  kind  of 
food  consumed,  the  purely  carnivorous  having  much  simpler  and  much 
shorter  alimentary  canals  than  the  frugivorous  tribes.  Among  the 
latter,  the  stomach  is  not  unfrequently  compound,— divided  into 
two  compartments,  as  in  many  of  the  rodents,  or  separated  into 
four  distinct  cavities,  as  in  the  ruminants ;  on  the  other  hand,  it 
is  often  roimded,  and  as  simple  as  in  the  camivora.  It  is  not, 
therefore,  always  possible  from  the  structure  of  the  stomach  to 
infer  the  nature  of  the  food.  The  relations  of  the  other  por- 
tions of  the  intestinal  canal  to  the  quality  of  the  ah'ment 
are  tax  more  decided  and  constant  than  are  those  of  the 
stomach.  In  general  the  length  of  the  intestine  is  greatest  in 
the  ruminants,  and  stands,  in  reference  to  the  length  of  the 
whole  body,  in  the  relation  of  from  15  to  SO  to  1  ;  in  the  sheep  it 
is  even  in  the  proportion  of  28  to  I ;  whilst  in  the  feras  the  ratio  is 
osnally  as  4  to  1,  or  even,  and  this  is  the  case  among  the  bats,  of 
3  to  1.  Animals  that  live  on  mixed  animal  and  vegetable  food,  or 
that  can  live  on  food  of  this  kind, — the  majority  of  the  rodents,  the 
monkeys,  &c.,  stand  in  the  middle  between  the  two  extremes,  and 
it  is  here  that  we  have  the  length  of  the  bowel  to  that  of  the  body 
in  the  ratio  of  5  or  6  to  1. 

In  the  same  way  particular  parts  of  the  intestinal  canal  present 
developments  which  are  often  in  conspicuous  relation  with  the 
greater  extent  of  surface,  and  we  may  presume  of  digestive  power, 
required  for  the  assimilation  of  the  vegetable  matter  which  is 
then  the  food.  The  caecum  in  all  the  rodentia  and  in  the  horse  is 
very  capacious ;  in  the  hamster,  beaver,  hare,  &c«,  it  surpasses  the  sto- 
mach itself  five  or  six  times  and  more  in  size;  in  the  feras,  however, 
as  in  the  tiger,  cat,  &c.  it  is  extremely  small.  Man,  from  the  struc- 
ture of  his  teeth  and  of  his  stomach,  from  the  length  of  his  intes- 
tines to  that  of  his  body,  (as  6  is  to  1,)  as  also  in  the  very  moderate 
development  of  his  caecum,  seems  destined  to  live  on  a  mixed  diet  of 
animal  and  vegetable  substances.  And  experience  both  among 
civilized  and  uncivilized  tribes  appears  to  prove,  that  a  mixed  animal 

2d 
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and  vegetable  regimen  is  that  which  is  most  conducive  to  the 
attainment  of  strength  of  body,  and  length  of  days;  although  it 
must  be  admitted  that  there  are  nations  which  live  well  on  vegetable 
substances  exclusively,  and  others  which  live  and  thrive  on  a  diet 
as  exclusively  animal'^'. 

Structure  and  Function  of  the  several  Digettive  Organs^ 

§  1S2.  The  teeth^  which  are  the  essential  element  in  the  mandu- 
catory apparatus,  are  subject  to  great  varieties  in  reference  to  pre- 
sence or  absence,  number,  form,  position,  &c.  They  are  always 
wanting  where,  as  among  suctory  insects — flies,  butterflies,  &c, — 
fluid  aliment  only  is  consumed;  dmong  other  inferior  animals,  again, 
such  as  the  sea-urchin,  the  crab,  and  many  insects,  we  meet  with  an 
extremely  complicated  and  highly  developed  dental  apparatus,  which 
is  often  not  limited  to  the  jaws,  but  extends  to  the  stomach,  where 
it  also  serves  to  grind  and  lacerate  the  food.  Among  fishes  we  find 
sharp,  cutting,  and  blunt  teeth  of  the  greatest  variety,  and  in  the 
most  multiplied  relations ;  in  the  pike  and  trout,  for  example,  we  ob- 

^^  I  pass  over  all  dietetic  conuderations  in  this  place,  catalogues  of  alimen* 
tary  substances,  poisons,  &c.  and  refer  to  the  general  and  appHed  physiokgr  for 
information  on  these  topics.  The  appropriate  section  of  Burdach's  Physiology 
is  very  full  upon  these  subjects ;  but  perhaps  the  most  complete  treatise  on  them 
extant  is  the  third  volume  of  Tiedemann*s  Physiclogy,  which  is  devoted  entirely 
to  the  consideration  of  the  appetite  of  hunger,  the  instinct  to  use  this  kind  of  food 
or  that,  and  of  the  materia  alimentaria.  Vide  also  Rudolphi*s  Phyri6hgy<,  vol 
ii.  part  2.  In  the  elementary  works  on  Physiology  that  date  fifteen  or  twenty 
years  back,  there  is  a  good  deal  of  notice  taken  of  matters  from  the  inorganic 
kingdom  which  particular  tribes  are  in  the  habit  of  using  for  a  certain  length  of 
time  as  food.  In  connexion  with  this  fact,  the  Otomakes  and  Guemos,  tribes  of 
South  America,  are  always  particularly  mentioned,  which,  according  to  Hum- 
boldt*8  account,  live  during  the  rainy  season,  when  other  food  is  scarce,  upon  a 
kind  of  clayey  earth,  and  even  at  other  times  are  in  the  habit  of  using  a  certain 
portion  of  the  same  substance  with  their  food.  The  &ct  loses  its  attribute  of 
extraordinary  and  incomprehensible,  since  Ehrenberg  showed  that  there  are  ex- 
tensive strata  in  various  parts  of  the  earth  which  consist  almost  exclusively  of 
infusory  animalcules.  In  the  "  bergmehl**  or  mountain  meal,  which  the  inha- 
bitants of  the  parish  of  Degemse  in  Lapland  used  in  1832  mixed  with  the  bark 
of  the  birch  and  a  littie  flour  for  making  bread,  Retzius  discovered  the  remains 
of  no  fewer  than  nineteen  different  species  of  infusoria.  We  may  presume  that 
the  **  rock-butter**  of  Kyfili&user  in  Thuringia,  which  is  spread  upon  bread  and 
eaten  by  the  quarriers  of  the  place,  is  of  the  same  essential  nature.  On  the 
longevity  of  different  nations,  see  Prichard,  Natural  History  ofMan^  voL  i. 
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serve  all  the  bones  whioli  bound  the  mouth  thickly  beset  with  point- 
ed needle-like  teeth;  in  the  voracious  shark  the  teeth  are  confined  to 
the  jaws,  but  here  they  are  largely  developed ;  in  the  carp  kinds  the 
teeth  are  wanting  in  the  cavity  of  the  mouth,  but  they  exist  in  the 
pharynx;  in  the  sturgeon  and  various  other  fishes  they  are  altogether 
absent    Among  the  class  of  birds  teeth  are  wanting ;  and  among 
mammalia  they  present  the  most  singular  variety  in  appearance  and 
in  aptness  for  the  functions  they  have  to  perform,  their  structure  and 
anangement,  however,  being  always  in  accordance  with  the  kind 
of  food  of  the  family  or  individual  in  which  they  are  examined, 
as  this  is  flesh,  grass,  or  grain,  soft  tuberous  roots  or  hard  woody 
fibres,  &c.,  or  as  it  consists  of  mixed  vegetable  and  animal  matters  ; 
sometimes,  too,  the  teeth  are  entirely  wanting,  as  among  the  ant-eaters. 
§  133.     The  most  important  part  of  the  digestive  system  is  the 
STOMACH,  the  central  organ,  the  element  that  is  never  absent.     This 
part  requires  particular  consideration.    The  stomach  presents  great 
varieties  in  its  form  and  constitution  in  the  animal  series.     The 
simplest  form  of  stomach  is  that  which  is  met  with  in  carnivorous  or 
predaceous  animals,  in  the  cat-tribe  for  example,  where  it  is  per- 
fectly simple  and  of  a  rounded  form ;  in  other  mammals,  rodents  in 
particular,  it  is  divided  into  two  compartments  of  very  dissimilar 
structure;  in  other  instances  it  presents  itself  in  three  divisions ; 
and  in  ruminants  it  forms  as  many  as  four  separate  pouches'^.     So 
also  among  birds  it  is  very  common  to  meet  with  a  pro-ventriculus  or 
maw,  and  a  gizzard — a  membranous  and  a  fleshy  stomach,  and  often 
in  addition,  a  crop*     In  amphibia  and   fishes,  too,   we  observe, 
though  more  rarely,  compound  stomachs  of  the  same  kind ;  and  in 
insects  and  molluscs  a  crop  and  double  stomach  seem  the  prevailing 
structure.     All  these  varieties  of  form  are  connected  with  particular 
modes  of  life  and  kinds  of  food ;  as  a  general  law,  it  may  be  laid 
down  that  the  stomach  is  most  simple  where  the  food  consists  of 
easily  soluble  animal  substances,  and  that  it  is  most  complicated 
where  the  harder  vegetables  afford  the  sustenance.     It  is  to  be  ob- 
served, however,  that  in  every  case  in  which  a  plurality  of  stomachs 
occurs,  there  is  one  which  in  its  structure  corresponds  with  the  sim- 
ple stomach  of  man  and  so  many  other  animals. 

^^  I  have  given  a  view  of  the  principal  forms  of  stomach  observed  among  the 
mammalia  in  the  Vllth  Plate  of  my  Icones  Zootomica, 
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§  134.  To  examine  the  more  delicate  structure  of  the  stomach, 
the  specimen  must  be  taken  from  the  perfectly  recent  body  of  one 
who  has  died  suddenly  or  by  violence ;  or  the  fresh  stonwcb  of  such 
an  animal  as  the  hog,  dog,  or  cat  may  be  selected*".   On  examining 

*"  To  see  the  rtractureB  here,  the  thin  slices  selected  for  ewwiination  should 
be  taken  &am  the  atomach  by  means  of  the  drnMe-kiufe  [a  knife  composed  of  a 
couple  of  delkate  laac«t-like  blades,  capable  of  adjustment  at  different  an^ca.] 


Fia.  CLXVn.  Gastric  glands  Avm  the  pylwic  p<^0D  of 
the  stomBch,  after  Kscboff,  Mailer's  Arehiv.  1838.  Tab- 
xIt.  flg.  3. 
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FiO.  CLXVIII.  A.  SectioD  of  a  piece  of  the  stomach.  Dot 
far  from  the  pyl(Hnis,  with  all  its  elements,  to  show  the  gai- 
tric  glands,  magnified  about  3  diameters.  B.  A  few  of  these 
glands  with  their  racemlibrm  ends,  distended  with  fluid, 
seen  uoder  the  compound  microscope,  and  magnified  about 
20  dmes. 

These  glsnds  were  examined  twelve  hours  aAer  death,  ui 
a  female  of  eighteen  jeara  of  age,  who  had  drowned  hen^ 
all  the  parts  being  at  the  time  in  a  state  of  complete  pte- 
serration. 
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the  mucoas  surface  of  aoch  a  stomach  attentiTelj,  the  whole  of  it 
ia  obaerred  to  be  covered  with  little  glandular  follicles,  which  open 
internally ;  these  apertures  are  surrounded  by  an  abundant  vascu- 
lar net-work,  which  also  extends  more  deeply  and  includes  the  csecal 
and  somewhat  racemiform  follicles.  The  glands  are  sometimes 
nmple  and  cylindrical,  (Fig.  CLXVII.),  at  others  the  excretory  duct 
branches  repeatedly,  and  then  the  glands  are  truly  multilocular  or 
compound  (Fig.  CLXVIII.)  The  contents  of  these  glands  are  al> 
ways  very  dark  and  granular,  and  their  external  walls  or  boondariei 
of  extreme  thinness  and  delicacy,  so  that  the  slightest  pressure  causes 
them  to  assume  the  lacemiform  stmctore,  and  forces  out  the  gra- 
nular contents.  Betwixt  these,  the  secreting  glands  of  the  gastric 
juice,  others  of  a  much  larger  size,  and  having  a  more  compound 
racemiform  structure,  lie  singly,  filled  with  completely  transparent 
contents  (Fig.  CLXXI.) ;  these  seem  to  be  destined  for  a  different 
purpose ;  they  are  more  common  about  the  pylorus  than  anywhere 
else,  and  deserve  a  more  careful  examination  than  they  have  yet 
received^.     All  these  glands  exist  imbedded  in  the  highly  vascular 

"^  The  Mcountc  we  have  of  the  itructure  of  these  glands  vary  aomewhat ; 
the  majority  of  obserren  describe  the  gMtric-juice  glauds  u  rimplc  fbllicles, 
which,  according  to  (ome,  are  never  racemifonn,  which  according  to  others  are 
but  ilightly  dilated ;  Ihave  myself  alwayiieeo thebotrycHdalwith  correiponding 


P 


Fid.  CLXIX.  Gastric  glands  of  the  Common 
Fowl  ;  A.  Natural  size  ;  B,  Magnified,  aft«r 
Biacboff,  loc.  cit.  Tab.  xiv.  fig.  23- 
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cellular  membrane  of  the  stomacli ;  the  uuicular  fibm  of  the  viscns 
pass  clear  over  them.  A  slight  degree  of  putr^iftction,  which  occurs 
so  rapidly  in  the  stomach  and  appears  to  be  so  much  favoured  by 
maoy  kinds  of  food,  destroys  the  j^aoda  more  or  less  completely ; 
BO  that  their  structure,  and  even  their  existence  is  very  commonly 
DO  ItmgOT  to  be  demonstrated  very  shortly  after  death ;  and  it  ia 
doubtless  from  this  cause  that  the  discovery  of  tbeae  glaods  is  an 
afiair  of  the  very  latest  times^^ 

division*  of  the  excretory  ducti  as  the  nonoal  form  in  the  bumaii  subject,  *ad  I 
have  thus  delinmted  them  in  Figures  CLXVIII.  and  CLXX. 

**'  Id  Germany  Purtdnje  (Bericht  der  Vertammlvag  deaticher  Niibir/9r*elur, 
he.  1819,)  and  ffiKboff'(U(Uler'B  Arekh.  IB8B)  have  particularly  diitiDgniihtd 


Fio.  CLXX.  Outline  and  highly  magniBed  fies 
of  the  gastric  glands  &om  the  middle  part  of  the 
Btomach;  the  excretory  duct  is  composed  of  three 
branches  which  proceed  from  a  multitude  of  blind 
celU. 


rj 
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The  stractnre  of  the  Btotnach  in  birda  h  much  more  earily  fol- 
lowed tbcn  in  animala  and  man,  and  is  alto  very  important  in  a 
comparadTe  point  of  view.  In  this  class  of  creatures  the  glandular 
layer  (Fig.  CLXXII,  A)  lies  between  the  cesophagus  (a)  and  the 
fieohy  stomach  (c);  and  the  gastric  glands  with  their  blind  extremi- 
ties tamed  towards  the  periphery,  are  readily  recognizable  by  the 

tbcDiBelTM  by  their  re«earcheH  into  the  atructure  of  the  ttomach  aod  H*  secretiDg 
glands.  The  paper  of  Dr.  Spott  Boyd,  contuoiag  the  fint  MuiouBcemeDt  of  the 
pecnliu-  orgsne  in  queatiou,  is  published  in  the  46th  voL  of  the  EiUtib.  Mtd.  amd 
Surg.  Journal.  Kruue's  obBervations  id  the  "  Jahreabericht"  to  MlUler'a 
Archie  for  the  year  1SS9,  also  deserve  to  be  referred  to ;  here  indeed  the  whole 
•abject  may  be  said  to  be  exhausted, — every  point  that  was  erroneoDS  is  recti- 
Bed,  all  that  nas  waDting  is  supplied.  It  were  perh^s  worth  while  to  examine 
more  perlicularly  than  has  yet  been  done  the  relatiaos  of  tbe  ^anda  tmUtd  mn- 
cooa  glands,  to  those  that  are  believed  to  secrete  tbe  gastric  juice. 


Fro.  CLXXI.  Another, 
piobably  a  mucous,  gland  of 
the  stomach,  from  the  vicinity 
of  the  pylorus,  aeeo  under  the 
same  magnifying  power;  it 
is  more  compound  in  its 
structure,  and  its  contents 
were  clearer  than  those  of  the 
gaattic  glands. 
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naked  eye,  shining  through  the  thin  wperimposed  mucouB  mem- 
hraDelikesomanydarkbodiea,  when  a  stomach  which  displays  them 
well,  such  as  that  of  the  plover  (Fig.  CLXXII.  A.)  is  filled  with 
water  and  viewed  against  the  light.  The  apertures  of  the  gUndi 
upon  the  inner  Bur&ce  are  particular!;  plain,  and  the  granulu 
contents  are  voided  under  the  most  gentle  pressure.  These  glandi 
are  for  the  raost  part  simple  externally ;  sometimes  they  foim  ctecal 
follicles  several  lines  in  length  (Fig.  CLXXII,  B).  They  are  par- 
ticularly well  developed  in  the  gallinaceous  tribes,  where  they  are 
often  racemiform  and  lobular  (Fig.  CLXXII,  B,  e),  or  divided 
in  a  greater  or  less  degree  (Fig.  CLXXII,  B,/)  ;  sometimes  they 
are  even  baccated  or  like  clusters  of  berries.  In  young  birds  the  cell- 
ular stmcture  of  these  glands  is  very  conspicuous  (Fig.  CLXXIII.) 
and  their  contents  are  clearet"". 

*"  For  fltrther  details  in  reference  to  the  itmcture  of  the  bird'fl  Btonucb,  Me 
loj  Iconea  ZoobmUca,  Tab.  xii.  The  gtomach  of  a  fowl  or  goose  is  an  excelleol 
■ubject  for  study,  and  either  of  these  is  moat  readily  procured. 


FiQ.  CLXXIL  A.  Stomach  of  the  VaneUai 
criitatus  (ConTnoD  Plover.)  a,  (Etophagin  i 
b,  ProventriculuB,  the  simple  glandular  foUJctea  of 
which  are  distinctly  indicated ;  some  are  seen 
haviQg  cleft  ends ;  c.  Muscular  stomach ;  d,  Be- 
gioniug  of  the  duodenum. 
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§  IS5.  The  relation  in  which  these  Tentricular  glands  stand  to 
the  production  of  the  gastric  juice  ia  not  yet  thorough!;  ascertained. 
A  delicate  microscopic  analysis  of  the  glands  in  question  shows 
that  their  orifices  and  inner  aspects  are  covered  by  a  fine  tessellated 
epithelium,  hut  that  tiie  proper  glandular  parietes  or  parenchyma 
consists  of  a  multitude  of  minute  granular  corpuscles,  about  the 
T^fth  of  a  line  in  diameter,  not  always  provided  with  distinct 
nuclei,  but  formed  of  an  uniform  finely  granular  mass,  ratiier  than 
of  elements  having  an  obvious  cellular  character.  It  is  in  the 
delicate  external  wall  or  envelope  of  the  glands  only,  that  indistinct 
fibres  of  cellular  tissue  can  be  distinguished;  this  part  has  normally 
the  appearance  of  a  transparent,  structureless  membrane.  The 
inner  surface  alone  is  always  covered  over  more  or  less  completely 
with  a  layer  of  the  granules  already  described,  derived  from  the 
gland  and  commonly  presenting  a  membranous  consistence"*.     Be- 

"*  The  flrtt  freah  atomoch  that  preaenta  itself  will  serre  for  thia  mqiiiiy — that 
of  a  rabbit,  or  a  fnwl,  for  instance.  The  several  microscopical  elemeals  of  gluids 
■nd  their  coDtenta  have  recently  been  -very  particularlj  esamioed,  and  corpna- 
dea  and  aubittnces  of  various  kinds  have  been  distinguished,  vithout  any  very 
clear  and  comprehensiTe  conclusion,  however,  having  been  the  result.     On  this 


Fw.  CLxxn. 


Fia.  CLXXm. 


^."."." 


Tio.  CLXXn-RGlandsoftheproven- 
triculus  of  diffbrent  birds :  a,  Of  the  pea- 
cock (Favo  crisUtus).  b.  Of  the  Ca- 
thartf  s  percnopterua.  e.  Of  Casuariua 
gsleatua.  d,  Of  Falco  pygargus.  «,  Of 
the  fowl./,  Oftheostrich.  (After Home, 
Zeet.  <nt  Comp.  Anai.  ii.  pi.  S6.) 


Via.  CLXXIII.  Simple  gastric 
glands  of  a  young  Owl :  A.  natural 
size ;  B.  magnified  to  exhibit  the 
cellular  structure  of  the  organs. 
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sides  these  granular  corpuscles  an  albuminous  fluid  is  farther  found, 
and  in  a  remarkable  case  which  allowed  of  the  scrutiny  being  made 
in  the  living  body,  the  gastric  juice  was  observed  to  exude  from 
the  surface  so  copiously  upon  occasion^  that  it  could  be  collected  in 
considerable  quantity  and  preserved  in  bottles  for  experiment^. 
The  gastric  juice^  indeed^  appears  to  be  a  fluid  loaded  with  cor- 
puscles^  and  having  a  peculiar  acid  mixed  with  it,  secreted  by  an 
appropriate  set  of  glands,  from  which  it  is  squeezed  by  the  contrac- 
tion of  the  muscular  fibres  of  the  stomach  excited  into  action  by 
the  presence  of  food^^  This  gastric  juice,  the  existence  of  which 
has  in  very  recent  times  been  called  in  question,  but  which  even 
older  observers  knew  and  admitted,  appears  to  be  the  sole  agent  by 
which  the  chemical  solution  of  the  food  is  accomplished^. 

topic  see  the  work  of  Pappenheim,  On  DigeMtion  in  the  healthy  and  dueoMed 
state  (Zur  Kenntniss  der  Verdauung  in  genmden  und  krankhaften  Zuitande,  Bred. 
1839). 

'^  The  highly  interesting  and  important  work  of  Beaumont,  Experiments  and 
Observations  on  the  Gastric  juice  and  the  Physiology  of  Digestion^  S(r.  8to. 
Boston,  1834 ;  reprinted  with  notes  and  additions  by  And.  Comb.  'M.D.  12mo. 
Edinburgh),  is  very  fnll  upon  this  subject.  Beaumont* s  experiments  were 
carried  on  during  se?en  years  in  succession  upon  the  same  individual,-*^ 
Canadian  hunter,  who  was  afiected  with  a  ventricular  fistula,  or  rather  who 
had  a  free  communication  between  the  interior  of  the  stomach  and  the  outer 
surface  of  the  thoracic  parietes,  about  two  inches  below  the  left  breast,  the 
consequence  of  a  severe  gunshot  wound,  but  which  had  not  the  slightest 
influence  on  the  man*s  health,  which  was  excellent.  Helm  has  given  an  account 
of  a  similar  case,  in  which  experiments  on  the  changes  which  the  food  underwent 
in  the  stomach  were  also  instituted — vide  his  History  of  two  Cases  (Zwei 
Krankengeschichteny  Wien,  1803). 

^^  Beaumont  observed  innumerable  points  upon  the  inner  Burfiice  of  the 
stomach,  which  presented  themselves  in  the  form  of  fine  glistening  elevatioQS, 
covered  with  a  transparent  mucus,  and  apparently  ready  to  burst  at  the  wart-like 
points,  a  thin  fluid  exuding  over  the  entire  surface  that  was  visible.  This  fluid, 
he  goes  on  to  say,  is  either  immediately  absorbed  by  the  food  when  the  stomach 
is  full,  or  it  collects  in  little  drops,  and  trickles  down  to  the  most  depending 
part,  there  to  be  mixed  with  whatever  happens  to  be  contained  in  the  cavity. 
This  fluid,  the  efficient  agent  in  digestion,  indubitably  the  true  gastric  juice  of 
Spallanzani,  could  be  obtained  for  experiment  by  mechanically  irritating  the 
inner  aspect  of  the  stomach,  which  in  the  instance  in  question  was  done  by  the 
introduction  of  a  tube  of  elastic  gum,  by  which  the  fluid  was  at  the  same  time 
removed. 

'fi*  Among  the  older  writings,  that  of  Spallanzani  entitled.  Experiments  ou 
Digestion,  ought  to  be  held  as  classical.     Spallanzani  instituted  innumerable 
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§  1S6.  It  is  not  true  that  there  is  any  rise  of  temperature  during 
the  sojourn  of  the  food  in  the  stomach,  as  was  once  believed  :*  and 
even  the  mechanical  movement  of  the  food  in  the  stomach  has  much 
less  influence  upon  its  solution  than  physiologists  were  formerly 
disposed  to  allow,  although  it  is  still  sufficiently  important.  When 
the  stomach  is  distended  with  food,  it  alters  its  position,  the  great 
curvature  coming  forward  and  tending  to  rise,  by  which  the  regur- 
gitation of  the  food  by  the  oesophagus  is  to  a  certain  extent  pre- 
vented. By  the  peristaltic  motions  of  the  stomach,  the  alimentary 
mass  is  carried  from  the  cardiac  orifice  towards  the  pylorus  and 
back  again,  by  which  it  is  brought  into  contact  with  every  point 
of  the  mucous  membrane  of  the  organ,  and  mixed  with  the  gas» 
trie  juice.  The  food  has  been  observed,  as  soon  as  it  entered 
the  stomach  by  the  cardia,  to  be  directed  to  the  left,  to  descend 
along  the  splenic  extremity  of  the  viscus,  and  to  proceed 
along  the  great  curvature  towards  the  pylorus ;  arrived  there, 
unless  sufficiently  digested,  it  is  returned  by  the  lesser  curvature 
towards  the  cardiac  orifice,  again  to  recommence  the  former 
course  towards  the  pylorus.  This  generally  continues  for  a  few 
minutes  at  a  time.  When  the  whole  of  the  muscular  fibres  of  the 
stomach  contract,  the  capacity  of  the  organ  is  diminished,  as  a 
matter  of  course,  and  its  contents  undergo  a  certain  amount  of 
compression.  The  course  or  tendency  of  the  contractions,  as  well 
as  their  duration,  differs,  in  conformity  apparently  with  the  stimu- 
lating qualities  of  the  contents,  the  healthy  or  morbid  condition  of 
the  lining  membrane,  and  according  as  rest  or  active  exercise  is 
taken  after  a  meaL  Everything  taken  as  food  is  completely  mixed 
together  during  the  process  of  chymification ;  and  is  reduced  at 
length  into  a  homogeneous,  pultaceous  mass  of  a  faint  sickly  smell 
and  slightly  acid  taste — the  chyme.     The  colour  of  this  chyme 

experiments  on  mammals,  but  particularly  on  birds,  and  was  perfectly  well 
acquainted  with  the  nature  and  operation  of  the  gastric  juice,  the  existence  of 
which  has  been  denied  by  seyeral  late  writers, — by  Schulz,  for  example,  in  his 
tract,  De  Alimentorum  concoctione  experimenta  nova^  Berol.  1834. 

[*  Dr.  Davy  often  found  the  temperature  of  the  stomach  as  high  as  that  of  the 
heart,  and  sometimes,  though  rarely,  a  degree  higher ;  and  the  observations  of 
this  eminent  physiologist  dispose  him  to  ask  whether  the  putrefactive  process 
may  not  be  concerned  in  digestion,  according  to  the  earliest  theoretical  notions 
on  the  subject.  On  the  agency  of  atmospheric  air  on  dead  animal  matter,  &c. 
in  Physiol,  and  Anqt.  Researches,  vol.  ii.  p.  3G1  et  scq.     U.W.] 
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differs  at  different  times,  but  less  than  might  have  been  imag^nedi 
according  to  the  kind  of  food  that  has  been  taken  ;  it  varies  £rom 
the  yellowish  green  of  cream  through  different  shades  of  grey. 
It  is  frequently  thickly  pultaceous,  but  is  then  no  less  homogeneous 
than  when  it  is  in  smaller  quantity  and  of  thinner  consistency.  It 
is  always  uniformly  acescent.  The  chyme  which  contains  a  large 
proportion  of  butter,  oil,  or  fat  of  meat,  is  like  thick  cream.  That 
which  is  the  product  of  farinaceous  or  vegetable  food  is  more  like 
flour-paste  or  batter. 

The  escape  of  the  chyme  from  the  stomach  takes  place  in  small 
quantities  at  once  from  time  to  time  ;  in  the  beginning,  or  shortly 
after  food  has  been  taken,  the  discharge  goes  on  more  slowly  than 
it  does  when  digestion  has  made  considerable  progress ;  but  when 
the  entire  mass  is  chymified,  the  evacuation  proceeds  rapidly,  and  the 
contractions  of  the  pyloric  end  of  the  stomach  are  rapid  and  ener- 
getic. On  an  average,  food  seems  to  require  about  an  hour  to  become 
converted  into  chyme,  so  far  as  to  begin  entering  the  duodenum. 
When  the  process  of  chymification  is  complete,  no  further  secretion 
of  gastric  juice  takes  place ;  the  stomach  becomes  quifet,  and  resumes 
its  former  position,  until  its  powers  are  again  called  forth  by  the  as- 
sumption of  a  fresh  meal.  Water  and  alcohol  are  not  altered  by  the 
gastric  juice ;  indeed  the  same  may  be  said  of  fluids  in  general,  when 
they  do  not  contain  animal  or  vegetable  nutritive  substances  in  so- 
lution or  suspension,  as,  for  instance,  do  soups  of  all  kinds,  which 
must  be  considered  in  the  light  of  solid  food,  requiring  to  be  chy- 
mified before  they  quit  the  stomach.  Simple  fluids,  on  the  contrary, 
soon  escape  from  the  stomach, — they  sometimes  disappear  in  the 
course  of  a  few  minutes,  either  absorbed  by  the  parietea  of  the  ris- 
cus,  or  having  passed  through  its  pyloric  orifice.  In  proportion 
as  the  food  is  more  completely  changed  into  chyme,  the  acidity  of 
the  gastric  juice  increases  notably,  a  circumstance  whicb  is  more 
especially  remarkable  when  the  meal  has  consisted  entirely  or  prin- 
cipally of  vegetable  substances ;  the  activity  of  the  muscular  element 
of  the  stomach,  especially  of  the  fibres  about  the  pylorus,  is  at  the 
same  time  increased,  and  portions  of  the  digested  mass  are  imdoubt- 
edly  pressed  into  the  duodenum  every  time  that  the  mass  of  chyme 
is  forced  up  against  and  closely  embraced  by  the  pylorus'^. 

^'  These  details  are  principally  from  Beaumont.    Many  of  the  facts  adduced 
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f  187.  That  portion  of  the  intestinal  canal  which  is  comprised 
between  the  stomach  and  the  great  intestinet  the  small  intestine, 
the  duodenum  inclusivey  has  it  in  charge  to  change  the  chyme  into 
chyle.  Much  less  is  known  of  this  process  in  every  one  of  its  ele- 
mental in  its  chemistry,  in  its  functional  relations,  &c.,  than  of  the 
digestion  effected  by  the  stomach.  The  first  division  of  the  small  in- 
testine or  the  duodenum  appears  to  have  its  own  especial  function. 
It  is  into  this  part  of  the  bowel  that  the  excretory  ducts  of  the  liver 
and  pancreas  very  uniformly  pour  their  contents ;  bile  and  pancK« 
atic  juice  are  therefore  here  mixed  with  the  chyme.  The  duodenum 
is  a  snfiBiciently  definite  portion  of  the  intestinal  tract,  which  has 
the  same  structure  in  mammals  as  in  man,  and  which  in  birds 
almost  invariably  forms  a  lengthened  loop,  within  which  the  pan- 
creas lies.  The  entire  surface  of  the  small  intestine  is  covered  with 
villi,  between  which  there  are  numerous  openings,  smaller  and 
larger,  which  lead  to  little  glands  of  different  forms,  and  probably 
of  different  imports.  These  are,  Ist,  Lieherkuhnian  glands^  fine, 
capillary,  blind  sacs,  the  openings  of  which  are  from  ^^^ th  to  ^th 
of  a  line  in  diameter,  so  closely  placed  over  the  whole  of  the  small 
intestine  that  they  give  the  mucous  membrane  a  general  sieve-like 
or  perforated  appearance.  These  are  probably  the  secreting  organs 
of  the  9UCCU8  eniericus  or  intestinal  juice  (vide  $  153);  but  some 
have  regarded  them  as  the  beginnings  of  lacteals,  or  at  all  events 
have  held  that  they  stand  in  some  relation  to  the  function  of  absorp- 

by  this  observer  are  also  extremely  interesting  in  a  pathological  point  of  view, 
and  there  are  besides  many  hints  well  deserving  of  attention  in  reference  to 
therapeutics.  It  is  well  known  how  injurious  and  onerous  solid  food  always 
proves  in  acute  fevers  and  in  gastric  affections.  In  such  cases  Beaumont  found 
the  mucous  membrane  of  the  stomach  in  a  condition  corresponding  with  the  fur 
of  the  tongue.  In  slighter  febrile  affections,  whatever  their  cause,  whether  in 
consequence  of  a  chill,  of  overloading  the  stomach,  of  anger,  &c.,  the  mucous 
membrane  loses  its  healthy  appearance,  becomes  red  and  dry,  covered  with 
q[)ots,  and  so  forth.  In  more  severe  attacks  of  the  same  kind,  in  which  there  is 
simultaneous  dryness  of  the  mouth,  thirst,  accelerated  pulse,  &c.,  there  is  little 
or  absc^tely  no  secretion  of  the  gastric  juice,  and  none  is  to  be  had  by  stimu- 
lating the  organ  in  any  way.  The  food  will  then  remain  between  twenty-four 
and  forty-eight  hours  in  the  stomach  undigested  and  unchanged,  and  cause  an 
aggravation  of  the  symptoms.  Fluids,  however,  are  absorbed  or  canied  off  with 
great  rapidity;  ten  minutes  aiier  a  odious  draught  not  a  drop  is  found  in  the 
stomach. 
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tion.  Sndy  The  glands  of  Brunnery  which  are  larger  lobular  and 
botrjoidal  glands,  ^th  of  a  line  and  more  in  magnitude.  These 
glands  are  observed  in  greatest  numbers  in  the  duodenum,  and 
appear  assimilable  to  that  second  form  of  gastric  gland  which  is 
encountered  in  the  pyloric  region  in  man  (§  184).  Srd,  The  «olJ- 
tary  glands^  which  are  simple  or  but  slightly  composite  folliclet, 
from  a  quarter  of  a  line  to  a  line  in  diameter,  filled  with  agranular 
matter,  and  which  present  themselves  in  greatest  numbers  in  the 
middle  portion  of  the  jejunum.  4th,  The  glands  of  Peyer,  or  agmi- 
nated  glands,  which  present  themselves  as  clusters  of  rounded 
glandlets,  some  quarter  of  a  line  in  size,  and  which  occur  most 
abundantly  in  the  lower  portion  of  the  ileum,  more  rarely  in  the 
jejunum,  and  are  perhaps  nothing  more  than  clusters  of  simple 
glands.  These  glands  of  Peyer  seem  very  susceptible  of  becoming 
diseased ;  they  are  met  with  altered  in  di^erent  degrees,  in  a  great 
number  of  acute  and  chronic  affections,  so  that  their  structure, — 
which  is  not  yet  completely  known, — can  only  be  investigated  in 
very  fresh  bodies  of  persons  in  previously  perfect  health  who  have 
died  suddenly  or  by  violence.  The  intimate  structure  of  the  whole 
of  the  glandular  bodies  just  mentioned  craves  farther  study,  and  is 
almost  as  little  known  as  their  individual  functions*^. 

§  138.  The  connection  which  the  villi  of  the  intestines  have  with 
chylification  and  absorption  is  not  known.  Various  considerations 
incline  us  to  believe  that  they  play  a  part  in  these  processes.  The 
villi  are  highly  vascular  folds  or  lappets,  covered  with  a  cylinder 
epithelium,  and  formed  of  a  delicate  indistinctly  cellular  or  granular 
tissue  furnished  with  an  artery  and  a  vein  connected  by  an  inter 
mediate  meshed  net-work  (Fig.  CLV.)^.  Occasionally  the  dis- 
tended trunks  of  lacteal  vessels  are  discovered  in  the  interior  of  the 

^*  The  more  particular  description  of  these  glands  belongs  to  anatomy.  The 
work  of  Boehm,  De  OlanduhrwninteitinaUmnstruetitrtipemtiar^  4to.  Berol,  18S5, 
with  good  plates,  and  Krause's  JElements  of  Anutamjf^  are  worthy  of  being  con- 
sulted for  information  on  these  bodies ;  my  own  observations  accord  in  almost 
all  particulars  with  those  of  Krause.  I  believe  the  glands  of  lieberknhn  to  be 
the  secreting  organs  of  the  intestinal  juice.  The  glands  of  Peyer  are  not  shut 
capsules  but  true  secreting  mucous  follicles. 

'^  The  work  which  treats  most  Mly  and  most  satisftctorily  on  the  structure 
of  the  villi  is  that  of  Henle :  Symbcim  ad  anatomiam  viUarum  wtestmdUumy  Berol. 
1837. 
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viJli;  this  happens  both  in  animals  and  men  who  have  died  or  been 
killed  shortly  after  a  copious  meal,  and  when  the  plexuses  of  lacteals 
between  the  folds  of  the  mesentery  are  observed  replete  with  chyle. 
Frequently,  especially  after  milk  has  been  taken,  the  villi  appear 
turgid,  and  as  if  infiltrated  with  fluid.   At  the  same  time,  the  surface 
of  the  mucous  membrane  of  the  intestinal  canal,  generally,  is  cover- 
ed with  a  cream-like  substance, — the  chyme  passing  over  into  chyle, 
— which  in  its  appearance  resembles  the  chyle  of  the  mesenteric 
glands^.    This  matter  contains  a  multitude  of  microscopic  granular 
bodies,  which  however  appear  for  the  major  part  to  belong  to  the 
detached  and  partially  altered  cells  of  the  epithelial  covering  of 
the  mucous  membrane.     Whether  the  peculiar  granular  matter 
which  is  so  constantly  found  in  the  chyle  is  formed  in  the  intestines 
or  is  generated  and  developed  in  the  commencement  of  the  lacteal 
vessels,  is  not  yet  known'®''.     But  it  is  worthy  of  observation,  that 
the  intestinal  villi  exhibit  regular  and  remarkable  differences  at  dif- 
ferent periods  of  life :     In  the  new-bom  infant  and  suckling  there 
are  mere  villous  folds  in  the  upper  part  of  the  intestinal  canal, 
which  as  we  follow  them  downwards  we  see  passing  into  short  pyra- 
midal and  pointed  villi  with  broad  bases.     The  villi  lengthen  by  de- 

^^  In  some  rare  instances  we  meet  with  the  lacteals  of  the  mesentety  in  the 
human  subject  injected,  as  it  were,  with  chyle.  This  occurs  most  frequently  in 
the  bodies  of  children.  The  parts  of  the  lacteals  which  are  provided  with  valves 
then  look  like  knotty  enlargements  of  the  vessels ;  the  villi  themselves  appear 
turgid  with  imbibed  chyle.  The  same  thing  is  more  frequently  seen  in  animals, 
particularly  in  dogs,  which  have  been  fed  on  milk,  or  food  mixed  with  butter  or 
&t,  and  killed  an  hour  or  two  afterwards.  The  interior  of  each  villus  has  then 
appeared  to  me  to  be  hollow,  and  to  have  a  lacteal  communicating  with  it,  the 
vessel  appearing  as  a  continuation  of  the  cavity  of  the  villus  replete  with  chyle. 
According  to  Krause,  a  fine,  ramified,  absorbent  vessel  takes  its  origin  from  the 
middle  of  the  viUi  towards  their  fi«e  extremities.     MiiUer's  Archiv  fur  1837, 

Tab.  i.  fig.  1. 

*^  Granular  formations,  consisting  for  the  most  part  of  detached  epithelial 
cells  more  or  less  altered,  are  found  so  copiously  mixed  with  the  creamy  chyle, 
that  it  is  difficult  to  say  whether  the  chyle,  which  we  must  presume  begins  to  be 
formed  here,  or  otherwise  the  chyme,  has  any  granules  peculiar  to  it.  The  villi 
are  frequently  impacted,  as  it  were,  with  small,  round,  oleaginous-looking  cor- 
puscles. In  the  chyle  of  the  lacteals  there  are  numbers  of  free,  very  minute 
molecules,  by  the  aggregation  of  which  the  true  corpuscles  are  probably  formed. 
These  molecules  are  so  small,  that  we  may  suppose  them  to  penetrate  through 
the  parietes  of  the  villi. 
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grees  as  life  advances,  and  become  more  cylindrical  in  manhood.  In 
old  age  they  are  distinctly  longer  than  at  any  previous  period,  cy^ 
lindrical,  and  from  their  bases  onwards  of  like  thickness.  The  vas- 
cular arrangement  of  the  villi  is  also  different  at  different  ages.  This 
remarkable  change  of  form  in  the  intestinal  villi  is  perhaps  in  rela- 
tion with  the  food,  andfiirther,  with  the  condition  of  the  whole  pro- 
cess of  nutrition  at  different  periods  of  life*^. 

§  139.  During  the  act  of  digestion  the  small  intestines  appear  to 
be  in  an  incessant  state  of  vermicular  motion,  by  which  the  chyme 
is  carried  onwards.  The  lacteal  vessels  meantime  absorb  the  chyle 
from  the  chyme,  and  all  insoluble  and  innutritions  matters  are 
moved  on  to  the  great  intestines,  where  they  begin  to  acquire  the 
appearance  of  faeces,  an  appearance  which  becomes  ever  the  more  dis- 
tinct the  nearer  the  rectum  is  approached.  It  would  appear  that 
through  the  whole  course  of  the  great,  just  as  of  the  small  intestines, 
and  particularly  iu  the  csecum,  there  was  an  acid  fluid  secreted  by 
the  little  glands  similar  to  those  of  lieberkiihn,  which  there  exist 
in  such  numbers,  that  their  closely  approximated  orifices  give  the  en- 
tire mucous  membrane  the  aspect  of  a  sieve.  Besides  these  smaller 
glands,  there  are  many  others  of  larger  size,  so  that  the  glandular 
apparatus  here  is  very  abundant. 

During  the  period  of  digestion  gases  of  different  kinds  are  evolved 
in  variable  quantities,  from  the  whole  intestinal  tract — the  stomach, 
the  small,  and  especially  the  large  intestines.  These  gases  are 
produced  either  from  the  food  or  from  the  chemical  action  of  the 
intestinal  juices  upon  the  food.  The  gases  are  principally  car- 
bonic acid  gas,  azote,  and  carburetted  and  sulphuretted  hydrogra. 
The  form,  the  appearance,  and  the  nature  of  the  faeces  change  with 
the  quality  of  the  food,  and  the  quantity  of  bile  that  is  mixed  with 
them.  A  softish,  semipultaceous,  brown  coloured,  and  not  peculiarly 
offensive  quality  of  the  faeces  is  that  which  appears  to  be  normaP'. 

^^  These  relations,  which  are  known  to  me  in  a  general  way  only,  deseire  a 
more  particular  investigation. 

^^  On  the  various  points  discussed  in  this  section,  see  §  162,  which  treats  of 
the  chemistry  of  digestion ;  the  classical  inquiries  of  Tiedemann  and  Gmelin  also 
deserve  to  be  referred  to.  Berzelius,  so  long  ago  as  1804,  undertook  the  chemi- 
cal examination  of  human  excrement,  Elementi  of  ChemUbryy  4th  ed.  voL  ix.  1840, 
p.  345,  in  German.)    An  abundance  of  crystals,  generally  of  the  phosphates  of 
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$  140.  Salivary  glands.  Great  variety  is  observed  in  regard  to 
the  presence  and  development  of  the  salivary  glands*''°.    As  a  gene- 
ral rule,  to  whichy  however,  there  are   many  exceptions,  it  may 
be  said  that  among  animals  which  live  much  or  altogether  in  water 
they  are  either  wanting  or  but  very  slightly  developed.     They  are 
wanting,  for  example,  in  the  whole  class  of  Cetaceans,  in  the  naked 
Amphibia  (frogs,  newts)  and  in  Fishes ;  in  Birds,  on  the  contrary, 
tbej  are  regularly  present.     Among  the  Invertebrata  the  salivary 
glands  commonly  present  themselves  well  developed  in  the  shape 
of  a  pair  or  of  several  pairs  of  conglomerate  glands ;  in  Insects, 
however,  the  singular  varieties  of  configuration  they  exhibit — from 
the  simple  salivary  vessel,  to  the  compound  raceme  (vide  the  Figs, 
under  §  188),  excite  astonishment.     Sometimes  the  great  develop- 
ment of  the  salivary  glands  in  individual  animals  is  in  obvious  rela- 
tion with  their  mode  of  life,  in  the  beaver,  for  example.    Still  their 
very  common  absence  shows  that  they  are  no  very  important  ele- 
ment in  the  animal  eco;iomy.      This  fact,  indeed,  has  been  proved 
by  direct  experiment  upon  man,  and  is  farther  shown  by  the  results 
of  artificial  digestion.     Food  of  various,  almost  of  all  kinds,  con- 
veyed immediately  into  the  stomach,  or  subjected  to  the  action  of 
the   artificial  digesting  fluid,   is   even  as   quickly    and   certainly 
reduced  to  the  state  of  chyme   as  when  it  is  previously   mixed 
with  saliva"^     Insalivation  can  never  with  any  kind  of  propriety 
be  designated  as  a  preparatory  digestion.        The  process   serves 
merely  to  lubricate  and  soften    the  food.      The   salivary  glands 

magnesia  and  lime,  are  met  with  in  feces,  as  well  healthy  as  diseased ;  and  even 
in  the  secreted  products  of  the  mucous  membrane  of  the  intestines,  mixed  with 
bile,  as  in  the  meconium  of  new-bom  infants  and  of  younger  embryos. 

S70  Xhe  more  intimate  structure  of  the  salivary  glands  will  be  spoken  of,  and 
their  relations  to  the  other  secreting  prgans  discussed,  when  we  come  to  speak 
of  secretion  generally. 

"^  This  is  the  result  of  Beaumont^s  experiments.  When  he  introduced  vari- 
ous articles  of  food  through  the  fistulous  opening  of  the  side  into  the  stomach,  he 
found  that  if  they  were  but  sufficiently  comminuted  they  were  changed  as  rapidly 
into  chyme  as  when  they  were  introduced  in  the  usual  way.  Beaumont  therefore 
regards  mastication  as  the  most  important  of  the  steps  preparatory  to  di- 
gestion. 

2f 
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are  wanting  among  animals  that  live  in  water,  because  their  food 
is  always  penetrated  with  moisture,  and  probably  very  generally 
swallowed  with  some  of  the  surrounding  medium. 

§  141.  The  Liver.  There  is  one  organ  which  occurs  very 
regularly  throughout  the  animal  series,  and  always  in  most  inti- 
mate connection  with  the  digestive  canal,  this  is  the  liver"*.  The 
general  occurrence  of  the  liver  is  of  itself  a  guarantee  for  the  great 
importance  of  the  part  which  it  plays  in  the  animal  economy. 
The  very  constant  way  in  which  the  product  of  its  secreting  func- 
tion, the  bile,  is  added  to  the  chyme  on  its  entrance  into  the  duo- 
denum, is  also  a  certain  indication  that  this  fluid  is  essential  to 
chylopooesis,  although  the  way  in  which  it  influences  this  act,  and 
indeed  digestion  generally,  is  unfortunately  unknown  to  us ;  even 
the  chemical  constitution  of  the  bile  gives  no  key  to  its  mode  of 
action  (vide  §  150).  On  the  other  hand,  however,  we  know  on 
pathological  grounds  that  disturbances  in  the  formation  and  excre- 
tion of  the  bile  are  almost  invariably  connected  with  implications 
of  the  digestion  and  nutrition.  We  in  general  regard  the  admix- 
ture of  the  bile  with  the  feces  and  the  coloration  of  these  by  the 
pigmentary  matter  of  the  fluid  as  indicative  of  a  good  digestion. 

The  liver  has  sometimes  been  regarded  as  a  simply  depurative 
organ,  as  freeing  the  blood  from  something  noxious,  and  its  connec- 
tion with  the  intestinal  tube,  consequently,  rather  as  accidental  than 
necessary,  the  intestine  serving  in  some  sort  for  its  excretory  duct. 
But  not  only  are  the  pathological  states  just  alluded  to  declaratory 
against  this,  but  the  evolution  of  the  liver  is  so  likewise.  It  always 
appears  in  the  embryo  as  an  organ  formed  partly  by  evolution  partly 
by  simple  growth  from  the  mucous  lamina  upon  the  intestine, 
and  always  connected  with  the  intestinal  tube  at  the  same  spot, 
just  behind  the  stomach'^'.     The  gall  bladder,  however,  is  obvi- 

^^  On  the  intimate  structure  of  the  liver  and  its  relations,  as  an  organ  of  sec- 
retion, see  hy  andhy — §  195  and  196. 

^^  [That  the  liver,  in  spite  of  these  considerations,  is  less  an  oi^gan  subservient 
to  chymification  than  of  excretion  seems  to  be  proclaimed  by  the  large  size  of 
the  viscuB  in  the  foetus,  when  there  is  no  digestion  going  on ;  and  in  a  minor 
degree  by  the  consideration  that  many  persons  suffer  from  weak  stomachs  all 
their  lives  whose  biliary  system  nevertheless  had  never  been  affected.  The  dis- 
ordered digestion  which  so  constantly  accompanies  obstructions  of  the  biliaiy 
ducts  is  always  complicated  by  the  retention  within  the  body  of  one  of  its  excre- 
tions ;  the  digestion  seems  to  suffer  about  a^s  much  in  Anuria  as  in  Icterus.  R,  W.] 
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ouflly  of  no  peculiar  importance ;  in  some  rare  instances  it  has 
been  found  wanting,  in  consequence  of  original  malformation'^% 
and  in  other  cases  it  has  been  greatly  altered  by  diseasci  and  even 
completely  obliterated  without  serious  effects'''^ ;  among  mammals 
and  birds,  too,  the  gall  bladder  is  frequently  absent,  and  this  in 
fisunilies  nearly  allied  to  one  another*^^.  During  normal  or  ordinary 
digestion  the  bile  does  not  seem  to  get  into  the  stomach,  but  it  has 
been  seen  to  enter  when  food  of  difficult  digestion,  and  particularly 
fat  meat,  had  been  eaten"^  • 

§  140.  The  Pancreas  is  undoubtedly  of  much  less  consequence 
in  the  animal  economy  than  the  liver.  The  organ  is  altogether  want* 
ing  in  the  invertebrate  series,  but  it  is  general  in  the  vertebrate  with 
the  exception  of  a  few  fishes'^'.  It  is  developed  in  the  same  way  as 
the  liver,  arising  by  the  growth  of  a  blastema  opposite  this  organ 
at  the  beginning  of  the  intestinal  canal.  The  influence  of  the  pan- 
creatic juice  upon  digestion,  as  well  as  the  significance  of  the  organ 
which  secretes  it  in  the  general  economy,  is  unknown  (vide  § 
149.}  Even  pathological  states  of  the  pancreas,  which  are  always 
very  obscure,  are  without  influence  in  enlightening  us  as  to  the  pur- 
poses it  serves'^^ 

^^  Vide  Trott,  De  VeiieukifeUeay  Erlang.  1822,  where  the  most  important 
pathological  fiicts  comiected  with  the  gall  bladder  are  collected. 

*'^  I  once  saw  a  case  of  the  kind  myself,  and  others  have  been  fl«quently  ob- 
served. 

*^  The  gall  bladder,  for  instance,  is  absent  in  the  stag  and  camel,  and  not 
in  other  ruminants ;  it  is  also  wanting  in  the  ostrich,  in  the  pigeons,  and  in  the 
majority  of  the  pairots,  though  some  of  them  have  it. 

*^  Beaumont  rarely  saw  bile  in  the  stomach,  and  only  when  the  use  of  oily 
or  fiit  food  was  continued  for  a  certain  time.  Fat  always  remains  longest  in  the 
stomach,  and  is  chymified  with  the  greatest  difficulty,  the  acid  gastric  juice  obvi- 
ously attacking  it  with  extreme  slowness.  Beaumont  could  not  determine,  how- 
ever, whether  the  entrance  of  bile  into  the  stomach  was  a  consequence  of  the 
indigestibility  of  ftt  meats,  or  took  place  as  a  means  of  assisting  the  chymification 
of  such  articles. 

^*  The  pancreas  seems  to  be  very  general  among  vertebrate  animals ;  even  in  the 
bony  fishes  it  is  more  constant  than  was  at  one  time  supposed,  a  fact  announced 
by  Jo.  Muller,  and  which  I  have  found  confirmed  in  so  far  as  the  pike  and  trout 
are  concerned.  It  is  only  in  the  cyclostomes  that  it  seems  to  be  entirely  want- 
ing, an  order  in  which  the  spleen  also  exists  in  a  very  rudimentaiy  state. 

[^  The  pancreas  I  should  imagine  to  exist  as  a  means  of  diluting  the  thickly  pul- 
taceous  chyme  on  its  escape  fi*om  the  stomach. — We  have  seen  that  the  stomach  ia 
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The  function  of  the  Spleen  is  also  unknown:  it  only  occurs 
among  vertebrate  animals  ;  nor  is  it  even  universal  among  them,  for 
it  seems  to  be  wanting  in  several  fishes.  That  the  spleen  is  of  no 
great  importance  in  the  animal  economy  is  demonstrated  by  the 
fact,  that  it  may  be  extirpated  without  any  peculiar  ill  effects'^ ;  it 
also  suffers  extensive  material  changes — enlargement^  for  instance, 
often  to  an  extraordinary  extent,  as  a  consequence  of  intermittent 
fever,  and  yet  no  particular  mischief  ensues.  In  its  intimate  struc- 
ture the  spleen  is  singularly  vascular,  the  vessels  in  their  minute 
subdivisions  playing  around  certain  peculiar  white  corpuscles,  the 
eplenic-carpuscleSy  as  they  have  been  called.  It  seems  probable 
that  the  spleen  must  have  some  peculiar  or  specific  influence 
upon  the  blood  which  circulates  through  it,  although  what  the  na- 
ture of  this  mdy  be  remains  a  mystery.  The  great  vascularity  of 
the  spleen,  though  it  have  no  excretory  duct,  cannot  be  in  vain^^^ 

$  143.  The  chyle,  which  is  formed  in  the  intestines,  makes  its  way 
into  the  beginnings  of  the  lacteal  vessels  by  a  means  not  yet  perfectly 
understood  (§  138),  and  from  thence  into  the  absorbents  of  the  me- 

a  very  sieve  to  watery  fluids  of  all  kinds  taken  into  it,  none  of  them  remain ;  their 
presence  would  obviously  have  interfered  with  the  action  of  the  gastric  juice  hy 
diluting  it  over  much.  They  are  therefore  inunediately  absorbed  into  the  blood, 
and  only  restored  to  the  chyme  by  the  medium  of  the  pancreas  in  graduated 
quantity  and  as  it  is  entering  the  intestine,  when  we  may  presume  that  a  certain 
degree  of  attenuation  must  be  indispensable  to  the  separation  of  the  chyle  from 
the  insoluble  and  unserviceable  residue.    R.  W.] 

^^  According  to  the  experiments  of  Mayer  (Salzb,  Med,  Ckirvrg^  ZeU,  Jakrg^ 
1815,  Bd.  3.  S.  189)  who  extirpated  the  spleen  from  a  half  grown  male  cat ;  the 
wound  closed  on  the  16th  day;  the  animal  was  still  alive  more  than  two  months 
afterwards.  Dupuytren  supposed  that  he  had  seen  great  voraciousness  of  appetite 
follow  extirpation  of  the  spleen. 

^*  The  most  important  works  published  on  the  spleen  are  those  of  HensiDger, 
entitled :  On  the  Structure  and  Function  of  the  Spleen  (  Ueher  den  Ban  und  die  Ver^ 
richiung  der  MUzj  1817.J  of  Giesker :  SpUnohgy^  Zurich,  1835,  and  the  paper  of 
MUller,  On  the  intimate  Structure  of  the  Spleen^  Archiv  fur  Phydologie^  1834. 
[I  have  just  alluded  to  the  pancreas  as  the  organ  by  which  the  due  and  needful 
dilution  of  the  chyme  was  accomplished.  The  situation  of  the  spleen  and  its 
connexion  with  the  stomach  and  the  portal  circulation  seem  to  me  to  give  a  key 
to  its  function.  The  rapid  absorption  of  water  by  the  gastric  veins  upon  occasion, 
must  be  accompanied  by  a  great  degree  of  attenuation  of  the  blood  they  contain, 
which,  sent  immediately  to  the  liver,  would  be  apt  to  transude  the  parenchyma 
of  that  organ  too  freely ;  but  the  blood  of  the  spleen,  on  the  other  hand,  under- 
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sentery*'*.  The  course  of  the  chyle  is  indubitably  retarded  in  the 
convoluted  masses  of  lymphatic  vessels  which  constitute  the  mesen- 
teric glands,  to  theend,  in  all  probability,  that  some  interchange  of 
matters  may  take  place  between  the  blood  and  the  chyle,  or  that 
some  peculiar  influence  may  be  exerted  on  the  newly  absorbed  fluid. 
Any  influence  of  this  kind,  however,  cannot  be  of  great  importance, 
seeing  that  the  mesenteric  glands,  although  they  exist  in  the  mam* 
maUa  generally,  and  often  very  highly  developed,  are  wanting  among 
birds.  After  passing  through  the  mesenteric  glands,  the  chyle, 
mixed  with  the  lymph  from  the  liver,  spleen,  remaining  viscera  of  the 
abdomen,  and  lower  part  of  the  body,  is  poured  into  the  thoracic 
duct,  which,  as  is  femiliarly  known,  terminates  in  the  left  subcla- 
vian vein,  from  whence,  mixed  with  the  venous  blood  of  the  supe- 
rior vena  cava,  it  immediately  enters  the  right  side  of  the  heart,  and 
is  then  transmitted  by  the  pulmonary  artery  through  the  organs  of 
respiration*". 

Physico-chemical  part  of  Digestion. 

(bT  DB.   JULIUS  VOGBL.) 

§  144.  During  digestion  the  food  suffers  certain  alterations  in  its 

goes  a  very  considerable  inspissation, — ^the  absorbents  of  no  organ  in  the  body 
are  comparable  to  those  of  the  spleen  in  point  of  magnitude;  the  much  diluted 
blood  of  the  gastric  veins  added  to  the  greatly  inspissated  blood  of  the  splenic 
veins  composes  a  fluid  of  medium  density  fitted  for  circulating  through  the  liver. 
The  spleen  is,  therefore,  an  appendage  to  the  portal  circulation,  and  its  office  is 
to  prevent  mischief  to  the  liver  from  the  rapid  absorption  of  watery  fluids  taken 
into  the  stomach  along  with  the  food,  the  removal  of  which  fluids  is  a  necessary 
prelude  to  the  act  of  digestion.    R.  W.] 

[  "*  The  entire  subject  of  secretion  is  exceedingly  obscure,  it  must  be  allowed, 
but  I  do  not  find  any  greater  difficulty  in  the  penetration  of  the  lacteals  and  lym- 
phatics by  the  fluids  for  which  by  their  inherent  constitution  they  have  a  peculiar 
elective  affinity,  than  I  find  in  the  penetration  of  the  gall-ducts  by  the  bile,  and 
of  the  tubuli  uriniferi  by  the  urine.  The  lacteals  and  lymphatics  may  be  viewed 
as  the  essential  elements  of  a  kind  of  universally  distributed  gland,  whose 
common  efferent  duct  terminates  at  the  angle  formed  by  the  junction  of  the  left 
subclavian  with  the  left  jugular  vein ;  the  vesicles  or  tubuli  into  which  all  glands 
resolve  themselves,  select  their  appropriate  matters  firom  the  blood ;  the  lacteals 
choose  theirs  from  the  fluid  which  is  entangled  among,  and  which  doubtless  per- 
meates the  villi  of  the  intestines.  R.W.] 

*^  The  microscopic  constitution  of  the  chyle  has  already  been  mentioned  (p. 
97),  the  general  physical  and  chemical  qualities  of  the  fluid  wiU  be  spoken  of  by  and 
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physical  and  chemical  properties,  the  knowledge  of  which  is  of  great 
interest  and  importance  in  a  physiological  point  of  view.  A  portion 
of  the  mass  so  altered,  is  absorbed  and  added  to  the  blood,  by  which 
it  undergoes  farther  change;  another  portion  of  the  mass  passes 
through  the  intestinal  tube  without  being  absorbed,  and  is  finally 
discharged  as  excrementitious. 

The  changes  which  the  food  undergoes  in  the  digestive  canal  are 
principally  efiected  by  certain  fluids  which  are  secreted  by  organs 
especially  destined  to  this  end,  and  mixed  with  the  food  either  in 
the  stomach  or  shortly  after  its  passage  from  that  sac*  To  give  a 
complete  view  of  the  process  of  digestion,  it  is  therefore  necessary 
to  enquire,  first,  into  the  physical  and  chemical  qualities  of  these 
fluids,  and  then  to  pursue  the  successive  alterations  which  the  food 
undergoes  in  ils  passage  through  the  intestinal  canal ;  and  lastly,  to 
examine  the  constitution  of  the  fluid  which  it  is  the  end  of  these 
changes  to  produce,  and  which  is  finally  mingled  with  the  blood — 
the  cht/le^^. 

The  Fluids  concerned  in  Digestion  and  Chymification. 

The  Saliva. 

§  145.  The  saliva  is  a  clear  colourless  and  somewhat  mucous 
fluid,  which  is  generally  alkaline,  more  rarely  neutral  or  acid  in  its 

by.  [According  to  Mr.  Giilliver*B  observations,  the  chyle  of  the  mesenteric  glands 
is  richer  in  globules  than  the  chyle  of  any  other  part  of  the  lacteal  system.  See 
Gerber*8  Anat,  Note,  p.  57,  and  Appendix  to  the  same,  p.  92,  figs.  277  and  278. 
R.  W.] 

^^  The  doctrine  of  digestion,  in  recent  times,  and  particularly  our  knowledge 
of  the  processes  that  take  place  in  the  stomach,  have  been  principally  advanced  by 
the  labours  of  the  inquirers  of  Germany.  As  leading  works  those  of  Tiedemann 
and  Gmelin — Digeition  from  Experiment  (Die  Verdammg  nach  Versmehenj 
Heidelb.  u.  Leipz.  1826,^  of  Eberle — the  Physiology  of  digestion  after  experi- 
ments performed  on  the  living  body  and  artificially  (Phydoiogie  der  Verdmmng 
naeh  Vertuchen  auf  naturUchem  uad  kufuilichem  Wege,  WOrzb.  1834),  of  Beau- 
mont, Obs,  on  the  0€utrie  Juice  and  the  Physiology  of  Digestion^  Boston,  U.  S. 
1834;  republished  with  a  Commentary,  by  Dr.  A.  Combe,  12mo,  Edinbuigh; 
of  Pappenheim,  On  Digestion  ta  the  HeaUhy  and  Morbid  States  (Zur 
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reaction,^^,  and  of  which  the  specific  gravity  varies  between  1004 
and  1009.'^    Even  with  the  purest  saliva  we  always  find  mixed  a 
few  epithelial  cells  derived  from  the  cavity  of  the  mouth  or  from  the 
excretory  ducts  of  the  secreting  glands.    The  epithelial  cells  of  the 
mouth  are  of  the  tessellated  or  pavement-like  kind,  delicate,  round,  or 
elliptical  corpuscles  from  the  40th  to  the  100th  of  a  line  in  diameter, 
with  a  darker  and  for  the  most  part  elliptical  nucleus  from  the  200th 
to  the  400th  of  a  line  in  diameter.     Besides  these  epithelial  cells  it 
is  common  to  observe  other  still  smaller  round  corpuscles,  from  the 
^th  to  the  300th  of  a  line  in  diameter,  which  are  somewhat  darker 
than  these,  and  when  unaltered  show  nothing  like  a  nucleus  in  their 
middle ;  treated  with  acetic  acid,  however,  a  nucleus  makes  its  ap- 
pearance, and  on  close  inspection  this  is  seen  to  be  made  up  of  seve- 
ral, generally  two  or  three,  smaller  granules.      These  smaller  cor- 
puscles belong  either  to  the  epithelium  of  the  excretory  ducts  and 
canals  of  the  salivary  glands,  or  they  are  merely  modified  epithelial 
cells  of  the  mouth.     Besides  the  two  kinds  of  cells  now  mentioned, 
the  saliva  does  not  appear  to  have  any  proper  solid  constituents.     If 
a  quantity  of  saliva  be  collected  and  allowed  to  stand  for  a  time  in 
a  tall  glass  some  grey  flocks  sink  gradually  to  the  bottom,  which  con- 
sist of  the  epithelial  particles  already  indicated  connected  together 
by  a  little  mucus. 

§  146.  The  saliva  consists  principally  of  water,  which  indeed  con- 
stitutes something  like  ninety-nine  hundredths  of  a  given  bulk.  Its 
other  constituents  are  animal  matters :  mucus  and  epithelial  cells, 
a  trace  of  albumen  and  cassein,  phosphoric  fat,  animal  extractive, 

der  Verdansung  im  gesunden  undkrcmken  Zustande,  Breslau,  1839) ;  of  Wasmann, 
De  DigesHone  noftmdla^  Diss,  Inavg,  Berl.  1839 ;  finally,  some  shorter  papers  by 
Muiler  and  by  Schwann  in  MOller^s  Archiv  fib*  1836. 

^'  We  have  very  contradictory  acconnts  of  the  reaction  of  saliva  upon  vege- 
table colours  ;  repeated  experiment,  however,  has  shown  that  in  the  great  majo- 
rity of  instances  it  restores  the  blue  colour  of  reddened  litmus  paper.  Donn^ 
maintained  that  an  acid  reaction  of  the  saliva  was  indicative  of  disturbance  of  the 
digestive  functions ;  an  hypothesis  which  has  been  shown  to  be  untenable  by  re- 
cent experiments. 

^^  The  statements  of  the  specific  gravity  of  the  saliva  also  differ  greatly.  Some 
say  they  have  found  it  from  1080  to  1 100 — ^which  is  obviously  too  high.  Tiede- 
mann  and  Gmelin  found  it  1004,3,  l^tscherlich  between  1006,1  and  1008,8, 
(Ueberdag  Spekhd  des  Mensehenin  Butts  Magazine^  1832.)  In  the  horse, 
Schulz  found  it  1012,5. 
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(osmazom)  and  ptyalin,  a  matter  which  has  received  this  name  from 
having  first  been  found  in  saliva,  but  which  occurs  in  almost  every 
animal  fluid  ;'^^  inorganic  matters :  sulphate,  phosphate  and  lactate 
of  soda  and  potash,  phosphate  and  carbonate  of  lime,  chloride  of 
potash  and  soda,  and  probably  a  small  admixture  of  sulpho-cyano- 
gen^  combined  with  potash  or  soda.  The  whole  of  these  sub* 
stances,  with  the  exception  of  the  epithelial  cells,  are  held  dissolved 
in  the  saliva.  The  quantitative  relations  of  the  chief  of  them  in  the 
human  saliva,  according  to  Berzelius,  are  the  following : 

Water  992,9 

Mucus  (and  Epithelium)  ....  1,4 

Salivin  or  Ptyalin 2,9 

Flesh  extractive  (Osmazome)  and  lactates  •  0,9 

Chloride  of  sodium 1,7 

Soda 0,2 


1000,0 
The  relative  proportions  of  these  ingredients,  however,  are  not  at 
all  times  the  same,  they  vary  in  different  individui^ls,  and  in  all  pro* 
bability  in  the  saliva  of  the  same  individual  at  different  times'^. 

^"^  Ptyalin  is  a  substance  which  is  soluble  in  water,  insoluble  in  alcohol,  and 
which  is  not  precipitated  from  its  state  of  solution  by  the  reagents  which  ordi- 
narily throw  down  the  animal  principles  from  their  solutions.  The  ptyalin  of 
Berzelius,  however,  differs  essentially  from  that  which  L.  Gmelin  discovered ; 
the  ptyalin  of  Gmelin,  for  instance,  is  precipitated  by  infusion  of  galla  and  the 
nitrate  of  the  protoxyde  of  silver ;  the  ptyalin  of  Berzelius  is  not  affected  by 
these  reagents.  Berzelius  and  Gmelin  detected  no  albumen  in  saliva,  though 
Bostock  and  Lassaigne  had  done  so ;  I  myself  found  a  very  small  quantity  of 
albumen  in  human  saliva,  which  coagulated  with  heat.  It  would  seem,  never, 
theless,  that  the  very  minute  portion  of  albumen  which  exists  in  saliva  at  any 
time  may  be  entirely  wanting.  The  same  may  be  said  in  regard  to  the  fatty 
matter  which  some  have  found  in  saliva.  Berzelius,  in  his  analysis,  says  nothing 
of  fat,  but  Gmelin  found  a  substance  of  this  kind  combined  with  phosphorus — a 
phosphoriferous  fat — ^in  his  analyses  of  saliva.  It  is  not  uncommon  in  <»xftfntnit^g 
the  saliva  microscopically,  to  discover  fiit-g^obules. 

'^  This  presence  of  sulpho-cyanogen  in  the  saliva  is  extremely  interesting,  for  in 
none  of  the  animal  fluids  save  saliva  is  it  known  to  occur.  Treviranus  was  the 
first  to  call  attention  to  its  existence ;  Tiedemann  and  Gmelin  confirmed  his 
discovery ;  but  Berzelius  justly  remarks,  that  these  experiments  require  repe- 
tition on  the  great  scale,  in  order  to  firee  the  mind  of  everything  like  doubt. 

^^  In  1000  parts  of  human  saliva,  Tiedemann  and  Gmelin  found  9S8,1  of 
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The   Gastric  Juice, 


§  147.  In  the  fasting  stare  the  stomach  of  men  and  animals  con- 
tains a  mucous  fluid  in  very  small  quantity,  which  either  does  not 
redden  litmus  paper  at  all,  or  only  reddens  it  very  slightly,  and 
which  besides  water  and  mucus  contains  the  organic  substances  and 
salts  that  seem  to  occur  in  the  animal  fluids  universally^^.  This 
fluid  is  entirely  different  from  the  proper  gastric  juice,  which  is  not 
met  with  in  the  empty  stomach,  but  is  only  secreted  during  diges- 
tion, or  in  consequence  of  some  mechanical  irritation  of  the  inner 
surface  of  the  stomach*^^  The  secreting  organ  of  the  gastric  juice 
is  a  peculiar  glandular  apparatus,  which  even  constitutes  the  greater 
part  of  the  mucous  membrane  of  the  stomach. 

The  gastric  juice  is  a  clear,  yellowish  fluid,  generally  mixed  with 
a  little  mucus,  without  smell,  of  a  slightly  saline  but  distinctly  sour 
taste,  and  which  shows  decided  acid  reaction.  This  fluid  is  slow  to 
putrefy,  and  even  prevents  the  putrefaction  of  animal  matters.  The 
greater  number  of  solid  animal  substances  are  speedily  and  readily 
dissolved  by  it  with  the  assistance  of  warmth'^. 

water,  11,9  of  solid  residue.  In  1000  parts  of  the  saliva,  freed  from  epithelial 
scales  and  mucus  by  filtering,  of  a  man  who  became  affected  spontaneously  with 
ptyalism,  I  found  991,2  water;  4,4  ptyalin,  osmazom,  fat,  and  albumen;  4,4  of 
salts  of  soda,  potash,  and  lime. 

^^  The  fluid  obtained  from  the  stomach  of  a  horse  which  had  fasted  long,  was 
found  by  Tidemann  and  Gmelin  to  be  turbid,  of  a  pale  yellow,  only  yery  feebly 
acid,  and  of  specific  gravity  1005,7.  In  1000  parts  it  contained  983,6  water  and 
volatile  matter,  and  16,4  of  residue,  consisting  of  fat,  resin,  ptyalin,  flesh  extrac- 
tive, mucus,  some  albumen,  acetates  of  potash  and  soda,  sulphates  of  potash  and 
soda,  chlorides  of  potassium  and  sodium,  phosphate  and  carbonate  of  lime,  and 
traces  of  a  niagnesian  salt.    It  contained,  moreover,  a  little  free  acetic  acid. 

^^  The  fact  of  the  gastric  juice  being  neutral  or  acid  as  it  is  examined  in 
animals  fitting  or  that  have  recently  eaten,  explains  the  diversities  in  the 
statements  of  the  older  physiologists  with  regard  to  its  nature.  Tiedemann  and 
Gmelin  first  showed  that  the  proper  gastric  juice  was  only  secreted  during  diges- 
tion ;  they  procured  it  pure  by  causing  animals  to  swallow  pebbles  or  a  quantity 
of  peppercoma,  which  wera  found  to  cause  it  to  be  secreted  in  quantity.  Beau- 
mont also  found  that  in  the  man  who  was  the  subject  of  his  experiments,  the 
gastric  juice  was  secreted  plentifully  under  the  influence  of  mechanical  stimula- 
tion. By  such  means  he  procured  a  quantity  of  very  pure  human  gastric  juice 
which  exhibited  the  properties  mentioned  in  the  text. 
^^  Microscopic  studies  of  pure  gastric  juice  are  still  desiderata  in  physiology' ; 
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§  148,  The  gastric  juice  consists  chemically  of  water,  a  free  acid, 
a  few  organic  particles,  and  the  salts  usually  encountered  in  animal 
fluids.  The  free  acid  in  the  gastric  juice  of  man  is  hydrochloric  acid, 
in  some  animals  it  is  butyric  acid'^.  The  organic  constituents  are 
ptyalin,  osmazome,  mechanically  admixed  mucus,  and  a  peculiar 
matter  which,  in  combination  with  the  free  acid,  forms  the  proper 
digesting  principle,  and  which  has  therefore  been  designated  ^ep«tfi* 
Pepsin  has  not  yet  been  analyzed,  its  chemical  constitution  is  con- 
sequently unknown — we  are  only  familiar  with  its  most  remarkable 
properties.  It  is  soluble  in  cold  water,  and  is  precipitated,  pro- 
bably altered,  from  its  solution  by  boiling,  for  it  has  now  lost  its 
solvent  powers.  It  is  precipitated  from  its  watery  solution  by  al- 
cohol, by  the  acids  in  small  quantities,  and  the  greater  number  of 
the  metallic  salts,  without  the  destruction  of  its  digesting  proper- 
ties. It  operates  in  so  small  a  quantity,  that  even  vv^th  part 
added  to  acidulated  water  endows  the  fluid  with  the  digesting  fa- 
culty*^.    The  salts  of  the  gastric  juice  are,  chloride  of  sodium  in 

itVould  not  seem  to  have  any  peculiar  solid  matter  in  its  composition ;  at  all 
events,  the  artificial  digestive  fluid,  of  which  mention  will  immediately  be  made, 
and  which  appears  to  be  almost  identical  with  the  gastric  juice,  is,  with  the  ex- 
ception of  a  few  indefinite  granular  particles  and  firagments  of  cells,  firee  fit>m  all 
solid  ingredients. 

<^  Prout  found  no  acid  except  the  hydrochloric  in  the  gastric  juice,  (Bcrzel. 
op.  cit.  p.  206,)  Dunglison,  in  the  firesh  gastric  juice  from  the  living  human  sub- 
ject, sent  to  him  by  Beaumont  for  examination,  besides  firee  hydrochloric  and 
acetic  acid,  found  phosphate  and  muriate  of  potash,  soda,  magnesia  and  lime, 
and  an  animal  matter,  which  was  soluble  in  cold  but  insoluble  in  hot  water 
(therefore  probably  pepsin).  In  the  acid  fluid  which  a  patient  afiected  with 
stricture  of  the  pylorus  used  to  vomit,  I  found  fi*ee  acetic  acid,  which  was  not 
only  recognizable  by  the  smell,  but  by  this,  that  the  distilled  fluid,  which  reacted 
strongly  acid,  having  chloride  of  iron  added  to  it,  and  then  ammonia,  eadiibited 
the  well-known  blood-red  colour.  [The  acid  firom  which  the  sufferers  under  one 
form  of  dyspepsia  endure  so  much,  is  the  acetic  or  the  lactic  acid,  or  a  mixture  of 
the' two;  I  believe  that  one  or  other  of  these  acids,  and  not  the  hydrochloric  add^ 
is  that  by  the  agency  of  which,  and  of  the  pepsin,  the  solution  of  the  food  is 
accomplished  ;  a  certain  degree  of  acidity  of  stomaoh  is  indispensable  to  digea- 
tion.    R.  W.] 

'^  Pepsin  was  discovered  and  named  by  Schwann,  (MQUer*8  Arekiu^  1836, 
S.  90,)  but  it  was  not  isolated  by  him.  Pappenheim  and  Wasmann  have  lately 
given  the  method  of  obtaining  it  in  a  state  of  purity.  Of  its  action  we  shall  have 
occasion  to  speak  by  and  by,  when  considering  the  changes  which  the  food  un- 
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large  quantity,  a  little  chloride  of  potassium,  of  ammoniunii  of  cal- 
cium and  magnesium,  sulphates  of  soda  and  potash,  and  sulphate, 
phosphate,  and  lactate  of  lime.  The  quantity  of  these  salts  and  of 
the  organic  constituents  is,  however,  extremely  small ;  both  together 
do  not  amount  to  more  than  from  H  to  S  parts  in  100  of  the 
gastric  juice. 

The  Pancreatic  Juice. 

§  149.  The  pancreatic  juice  of  man  has  not  yet  been  examined ; 
we  only  know  the  composition  of  that  of  animals.     According  to 
Tiedemann  and  Gmelin,  who   examined  the  pancreatic  juice  of 
living  dogs,  horses  and  sheep,  it  is  a  clear  but  slightly  opalescent 
fluid  of  a  bluish-white  colour,  readily  drawn  out  into  strings  like 
white  of  egg,  of  a  slight  saline  taste,  generally  showing  acid  reaction, 
although,  when  the  animal  from  which  it  is  obtained  is  exhausted, 
it  also  reacts  weakly  alkaline.     In  the  pancreatic  juice  of  a  dog 
they  found  8,7,  and  in  that  of  a  sheep  from  4  to  5  parts  of  solid 
matter  in  100  of  the  fluid.     The  solid  matter  consisted  of  osma- 
zome,  a  matter  which  became  red  under  the  action  of  chlorine,  and 
which   was  only  found  in  the  pancreatic  fluid  of  the  dog,  a  large 
quantity  of  albumen,  a  trace  of  free  acid,  finally,  several  salts — 
lactates,  muriates,  sulphates,  and  phosphates  of  potash  and  soda,  and 
a  little  carbonate  and  phosphate  of  lime.    The  pancreatic  fluid  is  con- 
sequently distinguished  from  saliva  in  the  larger  quantity  of  its 
solid  constituents,  particularly  in  its  greater  proportion  of  albumen, 
and  in  the  absence  of  ptyalin,  which  is  either  not  present  in  it  at  all, 
or  only  in  very  small  quantity*^*. 

dergoes  in  the  stomach.  Wasmann  maintains  that  the  pure  gastric  juice  con- 
tains no  oiiganic  constituents  save  pepsin,  if  we  except  a  very  minute  quantity  of 
an  albuminoid  matter.  The  analysis  of  Dunglison,  already  referred  to,  seems  to 
canfinn  this  conclusion ;  stiU  Tiedemann  and  Gmelin  found  both  ptyalin  and 
osmazome  in  the  gastric  juice. 

'"^^  Lieuret  and  Lassaigne,  Reck,  Phydohg,  el  Chimiques  pour  9ermr  a  rhidoire 
de  la  D^esHoUy  Paris,  1825,)  maintain  that  the  pancreatic  fluid  and  saliva  are 
identical.  In  100  parts  of  the  pancreatic  juice  of  a  horse  they  found  99  water, 
r>,9  osnoazome,  ptyalin,  traces  of  albumen,  mucus,  free  soda,  chloride  of  sodium, 
jhloride  of  calcium,  and  phosphate  of  lime. 
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The  Bile'''. 


§  150.  The  bile  of  maiii  as  obtained  from  its  natural  reservoir,  the 
gall  bladder,  is  a  clear  fluid,  of  a  peculiar  musky  smell,  an  ex- 
tremely bitter  taste,  and  a  yellowish-green  colour.  It  is  thicker  or 
thinner  in  different  cases,  but  always  heavier  than  water, — its  spe- 
cific gravity  is  generally  somewhere  about  1026.*  The  bile  is 
commonly  neutral — it  shows  neither  acid  nor  alkaline  reaction. 

Under  the  microscope,  healthy  bile  appears  as  a  transparent  yel- 
lowish fluid,  with  a  few  corpuscles  of  different  sizes  and  indefinite 
forms  suspended  in  it.  These  are  probably  mere  deposites  from  the 
bile,  and  do  not  appear  to  be  essential  to  its  composition*^. 

With  regard  to  the  chemical  composition  of  the  bile  the  greatest 
variety  of  view  prevails  among  the  most  distinguished  chemists,  and 
at  the  present  moment  it  is  not  possible  to  point  to  any  one  of 
these  as  being  absolutely  correct.  Until  this  can  be  done  the  dif- 
ferent statements  must  be  viewed  side  by  side  or  in  succession  in  an 
historical  series. 

§  151.  Until  the  end  of  the  last  century  the  bile  was  generally 
legarded  as  a  kind  of  soap — a  combination  of  resinous  matter  and 
fat  with  soda.  Thenard  first  called  this  view  in  question,  and  gave 
another  theory  of  the  composition  of  the  bile.     According  to  him, 

^^  The  literature  of  the  chemical  composition  of  the  bile  is  very  extensive. 
The  more  important  papers  will  be  found  referred  to  by  Berzelius  and  Fromherz. 
The  latest  researches  we  possess  are  those  of  Demarcay,  (Liebig's  Annalen  der 
Pharmacie,  Bd.  27,  S.  270,)  who  explains  a  large  proportion  of  the  contradic- 
tions in  pre-existing  analyses,  but  who  still  leaves  some  gaps  which  must  needs 
be  fiUed  up,  before  hiaown  views  can  be  received  as  irrefragable. 

[*  Dr.  Davy  examined  the  bile  of  the  human  subject  after  death  from  various 
causes  in  the  interior  of  Ceylon ;  his  researches  show  considerable  variation  in 
the  specific  gravity  of  the  fluid.  In  a  man  aged  25,  for  instance,  who  had  died 
of  intermittent  fever,  the  bile  was  of  specific  gravity  1,011 ;  in  another,  of  the 
same  age,  dead  of  the  same  disease,  it  was  as  high  as  1,044 ;  and  in  a  third,  aged 
31,  whose  skin  was  yellow,  it  was  even  1,055.  In  subjects  who  had  died  of  dy- 
lentery  it  varied  between  1,010  and  1,043.  In  a  fatal  case  of  gunshot  wound, 
where  the  bile  was  healthy  in  appearance,  its  specific  gravity  was  1,016.  Ae- 
searcheSy  Anat.  and  Physiol,  voL  ii  p.  34.     R.W,] 

'^^  The  bile  contained  in  the  gall-bladder  of  dead  bodies  is  often  white  and 
milky  in  appearance ;  this  is  morbid. 
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the  principal  constituents  of  this  fluid  are,  1st,  A  resinous  matter — 
ihe  resin  of  the  bite — which  gives  its  distinguishing  taste  and  smell 
to  the  fluid,  and  is  soluble  in  alcohol  and  the  alkalis,  but  not  in 
water  or  acids ;  2nd,  Picromel^  a  substance  which  has  a  bitter-sweet 
taste,  and  is  soluble  in  water  and  in  alcohol,  and  which  gives  to  the 
resinous  matter  the  property  of  being  somewhat  soluble  in  water. 
Thenard  found,  farther,  in  the  bile,  a  peculiar  yellow  colouring  mat- 
ter, upon  which  the  colour  of  the  fluid  depends ;  also  free  soda^ 
phosphate  and  sulphate  of  soda,  chloride  of  sodium  and  sulphate 
of  lime.  According  to  himi  therefore,  the  bile  is  no  saponaceous 
fluid,  but  a  solution  of  picromel  and  biliary  resin'^.  Chevreul  con- 
finned  Thenard's  views  by  new  analyses ;  but  he  added  a  new  sub- 
stance to  the  list  of  those  already  known, — Cholesterin,  or  biliary 
fat — which  crystallizes  in  shining  plates,  and'  does  not  saponify 
with  alkalis. 

§  152.  Berzelius,  who  analysed  the  bile  in  a  different  way,  came 
to  different  conclusions.  He  found  that  the  bile,  after  having  been 
freed  from  some  mucus  by  filtering,  consisted  principally  of  a  pe- 
culiar substance,  which  he  named  Bilin*  This  substance  is  dyed 
of  a  yellowish  green  by  the  colouring  matter  which  is  mixed  with 
it;  it  has  a  bitter,  ending  in  a  sweet  taste ;  it  dissolves  very  readily 
in  alcohol  and  alkalis,  with  more  difficulty  in  water,  and  is  precipi- 
tated by  acids  from  its  solution  in  alkalis.  It  is  always  united  with 
a  little  fat  (cholesterine  and  sebacic  acid),  which  can  be  removed 
by  means  of  ether.  Besides  bilin,  Berzelius  found  some  flesh- 
extractive,  chloride  of  sodium,  lactate  and  carbonate  of  soda,  or  the 
same  base  uncombined,  phosphate  of  soda  and  phosphate  of  lime*^. 
Prout  analysed  the  bile  by  the  means  used  by  Berzelius,  and  came 
to  the  same  conclusions. 

'^  The  quantitative  composition  of  the  bile,  according  to  Thenard,  is  the  fol. 
lowing:  in  1000  parts  of  ox-gall  he  found  875,6  water,  the  quantity  of  which, 
however,  is  liable  to  vary;  30,0  biliary  resin;  75,4  picromel;  5,0  colouring 
matter ;  5,0  free  soda ;  9,0  salts.  It  must  appear  strange  that  in  spite  of  the 
very  considerable  proportion  of  free  soda  according  to  this  analysis,  the  bile 
should  not  show  alkaline  reaction ;  on  the  contrary,  that  the  smallest  drop  of 
free  acid  should  immediately  give  it  the  property  of  reddening  litmus  paper,  a 
fact  which  Thenard  himself  obsen'ed. 

^^  Accoiding  to  Berzelius,  oxgall  in  1000  parts  consists  of:  904,4  water; 
80,0  bilin  with  fat ;  3,0  mucus  derived  from  the  gall  bladder ;  7,4  meat-extrac- 
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§  1 63.  In  a  very  careful  analysis  of  ox-gall  Leopold  Gmelin  suc- 
ceeded in  separating  a  much  greater  number  of  different  substances 
than  any    preceding  chemist.      He  distinguished,    1st,  A  musky 
smelling  substance,  on  the  presence  of  which  the  smell  of  the  bile 
probably  depends  ;  2nd,  A  variety  of  fatty  substances  (cholesterine, 
oleic  acid,  margaric  acid) ;  3rd,  A  peculiar  crystallizable  azotized 
acid,  which  he  called  cholic  acid  ;  4th,  Biliary  resin,  which  agreed 
in  its  properties  with  that  obtained  by  Thenard ;  5th,  A  peculiar 
matter,  which  he  named  Taurin,  or  Biliary  asparagin,  crystallizable, 
containing  azote,  soluble  with  difficulty  in  alcohol,  readily  soluble 
in  water,  and  not  precipitated  from  its  watery  solution  by  acids, 
alkalis,  and  the  greater  number  of  the  metallic  salts :  6th,  Picromel ; 
7th,  Yellow  colouring  matter,  both  of  these  last  being  identical  with 
the  substances  designated  in  the  same  way  by  Thenard ;  8th,  Seve- 
ral extractive  matters  (osmazome,  ptyalin,  &c.) ;  9th,  Casein,  an 
albuminous  matter  and  mucus  ;  10th,  A  variety  of  salts,  viz. ;  bi- 
carbonate of  soda,  carbonate  of  ammonia,  acetate  of  soda,  oleate, 
margarate,  cholate,  sulphate  and  phosphate  of  potash  and  soda,  chlo- 
ride of  sodium  and  phosphate  of  lime.     According  to  Gmelin'sviews 
picromel,  and  biliary  resin  held  in  solution  by  this  substance,  are  the 
principal  ingredients  of  the  bile,     Fromherz  and   Gugert,  by  an 
analysis  of  the  human  bile  conducted  in  the  same  way,  arrived  at 
the  same  conclusions^"^. 

§  154.  The  striking  differences  in  the  conclusions  as  to  the  com- 
position of  the  bile  so  obvious  in  these  analyses,  which  could  not  be 
supposed  to  depend  on  any  error,  as  each  was  the  work  of  one  of  the 
most  distinguished  chemists  of  the  age,  led  of  necessity  to  the  con- 
clusion that  the  constituents  of  the  bile  are  very  readily  decom- 
poundable, and  consequently  that  according  to  the  method  of  ana- 
lysis pursued,  various  new  matters  were  formed  from  them;  that  the 

tive,  chloride  of  sodium  and  lactate  of  sodium ;  4,1  free  (or  carbonate  of  P)  soda; 
1,1  other  salts. 

^^  The  whole  of  the  substances  here  enumerated  were  not  distinctly  indi- 
cated and  separated  in  Gmelin*8  analysis— the  ptyalin,  the  casein,  the  odorous 
substance,  the  salts  of  the  sebacic  and  cholic  acids,  for  example ;  the  presence  of 
these  was  only  made  probable ;  but  this  ought  not  to  be  brought  as  a  charge  of 
any  consequence  against  the  above  analysis,  these  substances  only  playing  a  very 
subordinate  part  in  the  constitution  of  the  bile. 
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greater  number  of  the  substances  hitherto  detected  in  the  bile  were 
not  normal  constituents  of  the  fluid  but  newly  formed  products  of 
the  analytic  process.  Demarcay  has  proved  by  his  experiments  that 
tbis  is  really  the  case.  According  to  him,  the  bile,  when  abstrac- 
tion is  made  of  a  minute  quantity  of  common  salt,  animal  extrac- 
tive, &c.,  consists  of  a  peculiar  animal  substance  in  combination 
with  soda  which  is  of  the  nature  of  an  acid,  and  is  accordingly  named 
by  him  Choleic  acid.  Picromel,  and  Berzelius*s  bilin,  are,  accord- 
ing to  Demarcay,  slight  modifications  of  choleic  acid.  By  the  action 
of  strong  acids  choleic  acid  is  decomposed  into  two  new  substances, 
one  a  non-azotic  acid  which  he  calls  choloidic  acid,  and  which  is 
identical  with  the  biliary  resin  of  Gmelin  and  Thenard ;  another 
an  azotic  substance,  Gmelin*s  Taurin.  By  treatment  with  alkalis, 
on  the  contrary^  it  is  decomposed  into  Gmelin's  cholic  acid  and  am* 
nionia.  According  to  Demarcay  the  bile  is  therefore,  in  fact,  as  it 
was  believed  to  be  of  old,  a  saponaceous  combination  of  choleic  acid 
with  soda,  containing  salts,  a  little  free  and  saponified  fat,  and  some 
extractive  matters^^^ 

^^  Demarcay*8  conclusions  afibrd  a  key  to  the  conflicting  statements  hitherto 
made  in  regard  to  the  constitution  of  the  bile.  His  experiments  were  repeated 
by  Dumas  and  Pelouse  {Camptes  Rendtis^  1838, 2me  Semest.  No.  8)  and  in  essen- 
tials confirmed.  But  the  French  chemists  present  the  formulae  which  express 
the  elementary  composition  of  the  various  products  obtained  by  Demarcay 
somewhat  differently  from  the  original  inquirer,  which  have  the  effect  of  render- 
ing the  explanation  of  the  decompositions  that  occur  much  more  difficult  than 
they  are  according  to  Demarcay*s  views.  In  a  new  work  upon  the  composition 
of  the  bile,  which  came  before  me  after  what  precedes  was  written,  Berzelius 
appears  to  have  thrown  a  veil  over  the  seeming  clearness  of  the  views  of  De- 
marcay. He  shows  that  the  subject  is  much  more  intricate  than  Demarcay  had 
supposed.  The  principal  results  of  Berzelius^s  work,  which  is  not  completed  in 
so  &r  as  these  interest  the  physiologist,  are  the  following :  Fresh  ox-gall  is  a 
combination  of  bilin,  bilifellic  acid,  cholic  acid,  sebacic  acid,  and  gall-green 
with  alkalis,  to  which  must  be  added  gall-fat,  extractive  matters,  and  some  salts. 
Bilin  is  the  principal  constituent  of  the  bile  ;  it  is  identical  with  6melin*s  gall- 
sugar,  which,  however,  owes  its  property  of  crystallizing  to  an  admixture  of 
acetates.  It  is  very  readily  decomposed,  and  by  acids  is  changed  into  bilifellic 
add  (a  compound  of  bilin,  and  an  acid,  the  fellic  acid,  but  which  has  itself  the 
properties  of  an  acid),  feUic  acid,  cholinic  acid  (and  dyslisin  P)  ;  by  alkalis  it  is 
metamorphosed  into  cholic  acid  (Cholsaure).  Even  in  the  most  recent  bile  that 
can  be  obtained,  this  change  of  the  bilin  into  the  two  acids  mentioned  has  taken 
place  partially,  and  besides  bilin  it,  therefore,  always  contains  bilifellic  and 
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The  Intestinal  Fluid, 

§  155.  The  glands  which  are  so  plentifully  distributed  over 
the  whole  inner  surface  of  the  intestinal  canal^  secrete  a  fluid  which 
probably  aids  in  the  process  of  digestion  or  of  chylifi cation.  The 
nature  of  this  fluid  and  its  chemical  composition  in  man  are  entirely 
unknown;  we  are  only  acquainted  with  that  of  the  lower  animals, 
and  even  this  has  never  been  examined  in  a  perfectly  pure  state, 
but  always  mixed  with  food,  with  gastric  juice,  pancreatic  juice, 
bile  and  mucus.  Tiedemann  and  Gmelin  analysed  the  intestinal 
fluid  of  several  animals ;  that  of  the  small  intestines  they  found 
generally  slimy ;  in  the  upper  half  of  the  canal  it  showed  weak  acid 
reaction,  lower  down  it  was  neutral ;  besides  mucus  it  contained  a 
large  quantity  of  albumen,  casein,  and  extractive  matter,  and  in  the 
horse,  a  substance  which  became  red  under  the  action  of  chlorine,  cor- 
rosive sublimate,  and  various  salts.  The  fluid  of  the  coecum  they 
always  found  acid  in  the  dog ;  in  the  horse,  on  the  contrary,  it  con- 
tained sesquicarbonate  of  soda,  and  farther,  albumen  and  casein, 
ozmazome,  ptyalin,  some  ill  smelling  resinous  matter,  and  fat. 
The  fluid  of  the  colon  in  the  dog  was  greenish  in  colour ,  pultaceous, 
very  ofiensive  in  smell,  and  consisted  of  a  mixture  of  intestinal 
mucus  and  bile ;  once  it  showed  acid  reaction.  In  the  horse  the 
contents  of  the  colon  consisted  of  brown  excrements  mixed  with  a 
few  flocculi  of  mucus.  The  filtered  fluid  obtained  from  the  mass 
contained  albumen  or  casein,  osmazome,  ptyalin,  a  matter  which 
became  red  under  the  agency  of  corrosive  sublimate,  biliary  resin 
with  fat  and  a  fetid  matter,  and  several  salts. 

Phenomena  occurring  in  the  course  of  Digestion. 

Changes  which  the  food  undergoes, 

§  156.  Until  the  moment  of  its  arrival  in  the  stomach,  the  food 
seems  to  undergo  no  essential  chemical  change.     In  the  mouth  it 

cholic  acid.  Demarcay^s  choleic  acid  (CholeinsHure)  according  to  Berzeliua  is  a 
mixture  of  bilifellic  acid,  bilin  and  cbolinic  acid  (Cholins&ure).  Let  us  hope  that 
with  the  conclusion  of  these  researches  of  the  distinguished  Swedish  chemist  our 
knowledge  of  the  composition  of  the  bile  will  have  reached  a  point  where  it 
will  begin  to  be  available  in  physiological  inquiries,  which  has  never  yet  been 
the  case. 
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is  merely  comminuted,  and  thereby  prepared  to  yield  more  readily 
to  the  solvent  process  that  is  to  ensue.     It  is,  indeed,  mixed  with 
saUva,  which  moistens  the  morsel,  makes  it  to  be  readily  formed 
into  a  ball  by  the  motions  of  the  mouth,  and  fits  it,  endued  with  the 
mucus  of  the  tonsils,  to  be  swallowed.     The  saliva  is  also  of  essen- 
tial use  in  dissolving  the  soluble  parU  of  the  food,  and  so  proving 
the  medium  between  them  and  the  organ  of  taste  ; — those  parts  of 
the  food  only  that  are  soluble  in  the  saliva  excite  sensations  of  taste. 
To  digestion,  properly  so  called,  the  saliva  contributes  nothing ;  it 
has  been  ascertained  by  direct  experiment  to  be  powerless  as  a 
solvent  of  every  article  of  ordinary  food^**,  and  on  the  contrary, 
food  that  had  not  been  incorporated  with  saliva,  if  sufficiently  com- 
minuted, has  been  found  to  be  dissolved  as  completely  a^  that 
which  had  been  mingled  virith  this  fluid'^'. 

The  saliva  may  indeed  eflFect  changes  on  certain  articles  of  food ; 
it  has  the  faculty,  for  instance,  according  to  Leuchs,  of  changing 
starch  into  sugar;  but  it  is  for  too  short  a  time  in  contact  with  the 
food  to  have  any  such  eflFect  ordinarily  ; — ^it  accompanies  the  food 
into  the  stomach,  it  is  true,  but  we  may  presume  that  its  influence 
there  is  overcome  by  the  far  more  powerful  one  of  the  gastric 
juice^^. 

§  157.  It  is  in  the  stomach  then  that  the  proper  digestion  of  the 
food  begins.     So  soon  as  the  food,  comminuted  by  mastication,  ar- 

*^  This  18  the  result  of  Beaumont's  researches.  Schwann  (Ueber  dajt  Wesen 
des  VerdauungS'processeSy  in  MUUer's  Archiv^  1836)  found  that  the  saliva  hav- 
ing an  acid  added  to  it,  did  possess  a  slight  digestive  power ;  but  as  the  saliva 
contains  no  free  acid  it  is  not  worth  insisting  on. 

^^  Artificial  digestion,  or  the  solution  of  articles  of  ordinary  food  by  means  of 
an  artificially  prepared  fluid  (of  which  more  anon)  out  of  the  stomach,  always 
succeeds  without  any  admixture  of  saliva,  and  Beaumont,  as  we  have  already 
seen,  found  that  food  placed  immediately  in  the  stomach  of  the  man  who  was 
the  subject  of  his  ei^riments,  if  properly  comminuted,  was  as  speedily  dis- 
solved aa  that  which  was  introduced  after  having  been  chewed  and  mixed  with 
saliva. 

^^  This  observation  of  Leuchs  (Kastner*s  Archivy  1831)  has  been  confirmed 
by  Schwann ;  the-  change,  however,  only  occurs  very  slowly,  and  it  is  easy  to 
obtain  conviction  that  starch  or  amylaceous  food  is  not  turned  into  sugar  by 
being  simply  mixed  with  saliva.  I  have  repeatedly  detected  unaltered  starch  by 
the  usual  test  of  iodine,  not  only  in  the  stomachs  of  healthy  animals,  but  in  the 
Huids  rejected  fix>m  the  stomachs  of  men  under  a  variety  of  circumstances. 
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rives  in  the  stomach,  an  increased  secretion  of  gastric  juice  ensues, 
and  this  being  mixed  with  the  solid  ingesta,  they  are  gradually  dis- 
solved. Such  principles  as  coagulated  albumen,  fibrine,  and  cheese, 
are  gradually  softened,  the  several  pieces  becoming  transparent  and 
gelatinous  on  their  edges,  and  from  thence  towards  their  centres; 
the  same  thing  happens  with  organized  substances,  such  as  meat  and 
vegetables,  which  go  on  losing  their  organic  structure  more  and 
more,  the  farther  digestion  advances.  Meantime  gases  of  different 
kinds  are  disengaged' °^.  The  alternate  peristaltic  contractions  of  the 
parietes  of  the  stomach  effect  the  penetration  of  the  aliment  with 
the  gastric  juice,  and  the  complete  disintegration  of  the  softened  and 
now  gelatinous  mass.  Finally,  after  the  lapse  of  a  few  hours  the 
whole  of  the  food  is  found  changed  into  a  homogeneous  pap,  gene- 
rally of  a  whitish  colour — the  chyme.  The  fluids  which  are  taken 
into  the  stomach  are,  in  general,  very  rapidly  absorbed  firom  it,  in 
part  unchanged,  in  part  chemically  altered' °^. 

§  158.  The  alterations  undergone  by  the  food  in  the  stomach  are 
of  two  kinds :  solution  and  chemical  change  ;  but  these  are  not  dis- 
tinct from  one  another ;  they  both  occur  simultaneously,  and  are 
effected  by  the  same  means.  Solution  has  reference  of  course  to 
the  solid  food  alone :  but  many  fluids  coagulate  when  taken  into 
the  stomach,  milk,  for  example,  the  casein  of  which,  from  its 
state  of  fluidity,  always  becomes  solid;  fluid  albumen  is  also  partly 
consolidated  in  the  first  instance  by  the  juices  of  the  stomach'^^ 
Almost  all    the  solid  alimentary  substances  are  dissolved  in  the 

^'  Magendie  and  Cheireul  analysed  the  gas  from  the  stomach  of  a  man  who 
died  by  toe  hands  of  justice,  and  who,  two  hours  before  his  death,  had  eaten  a 
quantity  of  bread  and  cheese  and  drunk  some  wine  and  water.  It  consisted  in 
100  parts  of  11,00  oxygen,  14,00  carbonic,  and  3,55  hydrogen,  and  71,45  azote. 

^^  This  was  ascertained  to  be  the  case  by  Tiedemann  and  Gmelin  in  animals, 
and  by  Beaumont  in  the  human  subject. 

^^  The  coagulation  of  milk  that  takes  place  in  the  stontach  is  explicable, 
partly  from  the  action  of  the  free  acid  it  encounters,  partly  from  the  peculiar 
effects  of  the  pepsin ;  the  recent  discoveries  of  Fremy,  and  the  researches  of 
Simon  {Manual  of  Medical  ChemUiry^  vol.  i,  p.  86),  which  were  based  on  them, 
render  it  probable  that  the  coagulation  of  milk  by  the  mucous  membrane  of  the 
stomach  depends  on  the  property  which  this  last  possesses  of  changing  the  sagar 
of  milk  of  the  fluid  into  lactic  acid.  The  coagulation  of  the  fluid  albumen  ensues 
firom  the  action  of  the  free  acid  of  the  gastric  juice ;  but  fluid  albumen  is  not  al- 
ways coagulated  in  the  stomach,  a  fact  which  Tiedemann  and  Gmelin  proved. 
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Stomach, — ^meat,  and  even  bone  and  cartilage,  cheese,  vegetables,  in 
a  word,  food  by  whatever  variety  of  name  designated.  A  few  parts 
only  of  our  aliment  resist  the  action  of  the  stomach,  0.  g,  the  woody 
parts  of  vegetables,  the  microscopic  cortical  cells  and  spiral  ves- 
sels of  which  are  generally  found  unchanged  in  human  feces ;  the 
homy  tissues,  such  as  cuticle,  hair,  feathers;  the  stones,  husks  and 
skins  of  fruits  and  seeds,  which  mostly  pass  through  the  intestines 
unaltered. 

The  particulars  of  the  solution  of  the  alimentary  substances  have 
already  been  given  in  the  preceding  paragraph :  the  individual  pieces 
of  the  food  are  softened  on  their  external  surfaces,  and  the  soften- 
ing process  penetrates  by  degrees  till  their  centres  are  attained,  and 
the  entire  mass  is  changed  into  a  homogeneous  pap,  which  is  misci- 
ble  with  water  into  a  turbid  fluid. 

Along  with  the  solution,  and  in  proportion  as  it  is  accomplished, 
the  food  experiences  a  change,  an  alteration  of  its  chemical  proper- 
ties. The  changes  which  the  food  undergoes  in  the  stomach  are  as 
yet  but  imperfectly  known.  They  extend  not  only  to  the  solids,  but 
also  to  the  fluids  that  are  consumed  as  food.  A  solution  of  common 
cane  sugar,  for  example,  becomes  milk-sugar,  and  mannite  and  dex- 
trine are  changed  in  the  stomach  into  the  same  substance ;  many  of 
the  organic  saline  bodies,  such  as  the  citrate,  tartrate,  and  malate  of 
potash  and  soda  become  carbonates  of  the  same  bases'^ ;  starch  is 
said  to  be  changed  into  grape  sugar  and  gum'^.  Coagulated  fibrine 
dissolved  in  the  stomach  has  lost  its  property  of  spontaneous  coagu- 
lation;   albumen  coagulated   and  dissolved,  will  not  again  set^^^ 

^^  This  diBCOveiy  was  lately  made  by  Fremy  (Comptes  RendtUj  1839,  lier 
Semest.  p.  96,  2ieme  Semest.  p.  46,  et  165).  The  transformatioQ  according  to 
Frcmy's  observations  is  not  only  effected  in  the  stomach,  but  by  contact  with 
many  of  the  animal  membranes.  The  same  may  be  said  with  regard  to  the 
transformation  of  many  of  the  salts  of  vegetable  acids  into  carbonates. 

^^  This  was  ascertained  by  Tiedemann  and  Gmelin  (loc.  cit.  S.  301) ;  what 
share  the  saliva  has  in  producing  this  change  (vide  §  156)  has  not  yet  been 
ascertained. 

'^°  An  observers  are  agreed  upon  this  point — Tiedemann  and  Gmelin,  Eberle, 
Schwann,  Pappenheim,  Vogel,  (Liebig*s  Annaleny  1839,  April).  Gmelin,  Eberle, 
and  Schwann,  maintained  that  albumen  was  changed  into  ptyalin  and  osmazome, 
1  had  combated  this  view  myself  some  time  ago  (Llebig*s  Annaleny  loc.  cit.)  and 
have  found  since  then  that  Berzelius  has  done  so  likewise  (Thierchemie,  S.  214. 
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with  heat ;    gelatine  loses  its   property  of  forming  a  jelly,  &c. 

§  159.  Although  almost  all  the  articles  used  as  food  are  dissolved 
hy  the  gastric  juice,  the  solution  is  not  effected  in  regard  to  all  with 
the  same  readiness  and  with  the  same  rapidity.     Some  kinds  of  food 
are  much  more  speedily  dissolved  than  others,  and  these  are  said  to 
be  easy  of  digestion  ;  some  have  to  remain  for  a  much  longer  period 
in  the  stomach  before  their  solution  is  completed,  and  these  are 
hard  of  digestion  ;  a  few  are  absolutely  insoluble,  and  these  are 
perfectly  indigestible^     The  determination  of  the  kinds  of  food  that 
are  more  easy  or  more  difficult  of  digestion  is  not  unimportant,  for 
it  forms  the  foundation  of  Dietetics.     Beaumont  made  excellent  use 
of  the  rare  opportunity  he  enjoyed  of  instituting  experiments  upon 
this  subject,  noting  upon  repeated  occasions  the  interval  that  elapsed 
between  the  time  at  which  food  was  taken  and  that  at  which  it  was 
digested  and  expelled  from  the  stomach.     The  following  are  a  few 
of  the  results  of  his  observations :     Stewed  tripe  and  boiled  petitoes 
were  found  the  most  digestible  kinds  of  food  tried ;  they  had  both  dis- 
appeared from  the  stomach  after  the  lapse  of  an  hour;  roast  venison 
was  digested  in  1  hour  and  a  half;  bread  with  cold  milk  in  2  hours ; 
boiled  stockfish  in  S  hours ;  hashed  meat  in  i^i  hours ;  young  pork 
in  2i  hours  ;  wild-goose  in  2i  hours ;  turkey  in  2^  hours ;  oysters 
in  firom  2f  to  3i  hours ;  roast  beef  in  from  ^  to  3^  hours ;  boiled 
beef  in  from  3i  to  4^  hours, — mean  of  ten  observations  3f  hours : 
salt  beef  in  from  3i  to  5j^  hours;  recently  salted  pork  in  from  3i  to 
6  hours, — mean  of  10  observations  4^  hours ;  fresh  roast  pork  in  from 
3i  to  4^  hours ;  roast  mutton  in  from  3  to  4j-  hours, — mean  of  5 
observations  3}  hours ;  hard  eggs  in  from  3i  to  5i  hours^ — mean  of 
3  observations  about  4  hours ;  soft  boiled  eggs  (2  observations) 
in  3  hours;  roast  sausage  in  from  3  to  5  hours, — mean  of  5  obser- 


I  found  that  albumen  and  fibrine  after  solution  by  digesting  fluid,  contained 
precisely  the  same  relative  proportions  of  carbon  and  azote  as  they  did  in  the 
unaltered,  undigested  state. 

^"  The  examples  quoted  of  chemical  transformations  in  the  stomach,  are  pro- 
bably the  only  ones  that  have  been  placed  by  repeated  experiments  beyond  the 
pale  of  doubt ;  still  the  mode  in  which  the  peculiar  changes  are  effected  remains 
a  mystery.  This  point  is  one  of  the  most  important  in  the  entire  circle  of  animal 
chemistry,  but  it  is  at  the  same  time  one  of  the  most  difficult  of  comprehension. 
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vations  Si  hours ;  boiled  fowl  (3  observations)  in  4  hours ;  roast 
veal  in  from  3i  to  5i^  hours ;  mean  of  7  observations  4i  hours  ;  dry 
bread  with  coffee  or  potatoe  soup  (S  observations)  Si  hours^^^. 
Beaumont  found  farther  by  direct  observation  that  very  copious 
meals  required  a  longer  time  for  their  digestion  than  moderate  or 
small  ones,  a  fact  which  is  known  from  daily  experience ;  and  that 
with  any  indication  of  disturbance  of  the  stomach,  the  digestion 
goes  on  more  slowly  than  at  other  times.  The  temperature  of  the 
stomach  is  not  increased  during  the  act  of  digestion ;  within  the 
stomach,  as  in  other  internal  parts  of  the  body,  the  thermometer  was 
found  by  Beaumont  to  mark  100^  F. 

Theory  of  Digestion. 

Artificial  Digestion, 

§  160.  By  what  means,  it  will  now  be  asked,  are  the  various  alter- 
ations in  the  food  described  in  the  immediately  preceding  para- 
graphs accomplished  ?     Do  the  walls  of  the  stomach  by  their  con- 
tractions grind  the  food  mechanically,  or  do  they  by  some  peculiar 
inherent  power,  a  vital  power,  animalize  it,  making  it  homogeneous 
with  the  body,  turning  it  into  chyme  ?  Does  the  food  in  the  stomach 
undergo  a  species  of  oxydation  or  fermentation,  its  own  elementary 
principles  working  the  one  on  the  other  under  the  influence  of  the 
vital  power,  so  as  mutually  to  decompound  each  other,  and  become 
transformed  to  chyme  ?    These,  and  other  questions,  the  offspring 
of  so  many  hypotheses,  have  been  imagined,  but  have  never  been 
demonstrated;    nay   they  were   even   disproved  by   some  of   the 
earlier  experiments ;  and  at  the  present  day  we  are  in  a  condition 
to  say  and  to  prove  that  the  solution  and  change  which  the  food  un- 
dergo in  the  stomach  are  purely  chemical  in  their  nature,  and  de- 
pend on  the  solvent  property  which  is  inherent  in  the  gastric  juice. 
We  can  now  regard  the  stomach  as  a  reservoir  for  the  food,  and  at 
the  same  time  as  the  organ  which  secretes  the  solvent  liquid,  and 

'^^  These  different  kinds  of  food  were  eaten  with  bread  or  vegetables.  As  the 
ex|>eriinent8  were  instituted  on  a  single  individual,  the  conclusions  from  them 
cannot  of  course  be  held  as  possessing  any  claims  to  be  considered  as  universally 
applicable ;  they  nevertheless  form  a  very  valuable  contribution  to  our  know- 
ledge of  the  relative  digestibility  of  different  articles  of  food  in  general  use. 
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see  its  contractions  as  the  mechanical  means  for  securing  the  due 
admixture  of  the  gastric  juice  with  the  food,  and  of  propelling  the 
mass  when  properly  acted  on  into  the  intestines ;  beyond  this  the 
stomach  has  nothing  to  do  with  digestion  ^*.  An  artificial  gastric  juice 
can  be  composed  by  steeping  the  mucous  membrane  of  a  recent  or 
dried  stomach  in  water  rendered  slightly  sour  by  the  addition  of  an 
acid,  at  a  moderate  temperature,  which  will  digest  animal  and  vege- 
table substances, — which  will  soften  and  dissolve  and  chemically 
alter  the  articles  that  form  the  staple  of  ordinary  food,  precisely  as 
the  stomach  of  a  living  man  or  animal  would  do'^\    This  is  what  is 

• 

'*'  Reaumur,  Spallanzani,  (Experiences sur  la  Digestion)  and  Stevens  {DeAU" 
mentorum  concocttone^  Edinb,  1777)  showed  that  the  walls  of  the  stomach  contriha- 
ted  nothing  of  themselves  to  digestion,  but  that  the  gastric  juice  was  the  sole 
means  by  which  the  food  was  dissolved.  They  performed  many  experiments 
both  on  men  and  animals,  the  general  and  conmion  feature  of  which  was  that 
various  articles  of  food  were  inclosed  in  small  spheres  or  boxes  perforated  with 
holes  and  swallowed.  It  was  obvious  that  the  pressure  of  the  coats  of  the  sto- 
mach could  contribute  nothing  to  the  digestion  here ;  nevertheless,  when  the 
spheres  were  passed  by  stool,  they  were  always  found  empty,  their  contents  hav- 
ing been  dissolved  out  of  them.  Boerhaave  held  digestion  to  consist  in  a  kind 
of  fermentation,  an  idea  that  has  long  since  been  abandoned.  The  propositioD 
of  C.  n.  Schulz,  that  there  is  no  such  thing  as  a  peculiar  gastric  juice,  but  that 
the  fluid  so  designated  is  a  product  of  the  digestive  act  itself,  has  been  satisiac- 
torily  gainsaid  by  the  direct  experiments  of  Tiedemann  and  Gmelin,  and  of 
Beaumont,  who  procured  the  proper  gastric  juice  by  exciting  the  stomach  mecha- 
nically, and  used  it  with  effect  for  dissolving  various  articles  of  food. 

^^^  The  statement  that  digestion  is  a  purely  chemical  process  may  perhaps 
appear  questionable  to  some ;  but  there  can  nevertheless  be  no  doubt  of  the 
fiict.  The  power  that  calls  an  organized  being  into  existence,  and  maintains  it 
in  activity  during  the  term  of  its  life,  lies  beyond  the  province  of  chemistry,  in- 
deed ;  and  no  rational  chemist  will  ever  think  of  producing  a  plant  or  an  animal 
by  any  chemical  process ;  but  the  products  of  the  vital  processes,  abstracted 
from  their  form  and  regarded  in  their  materiality  only,  fall  completely  within 
the  domain  of  chemistry.  When  preserved  from  decomposition,  they  retain  their 
properties  long  after  the  death  of  the  organism  which  engendered  them  ;  and 
like  other  organic  and  inorganic  substances,  they  undergo  determinate  changes 
when  brought  into  contact  with  different  reagents,  which  always  occur  in  confor- 
mity with  the  same  laws.  These  changes  are,  with  perfect  propriety,  placed  in 
the  domain  of  chemistry.  The  existence  of  one  or  more  powers,  commonly 
called  vital  powers^  is  not,  however,  denied  when  this  is  done.  The  final  cause 
of  the  secretion  of  the  gastric  juice  lies  in  the  nature  of  the  animal  organism,  and 
is  unknown  to  us ;  but  the  effects  of  the  gastric  juice,  once  it  is  formed,  upon 
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spoken  of  as  artificial  digestion^  artificial  chymification :  by  its 
means  we  are  enabled  to  institute  much  more  accurate  experiments 
on  the  changes  which  the  food  sufiers,  than  we  should  ever  find 
occasion  to  make  in  the  course  of  the  natural  digestion  in  the  living 
body;  many  of  the  admitted  facts  in  connection  with  the  subject  of 
digestion  have  been  derived  from  experiments  on  the  process  carried 
on  artificially'". 

the  food,  is  a  purely  chemical  process,  which  will  go  on  out  of  the  stomach  in 
any  ordinary  vessel.  From  a  dried  stomach,  in  which  assuredly  there  is  no  in- 
berent  vital  power,  we  can  prepare  as  efficient  a  digesting  fluid  as  from  a  fresh 
one. 

'^^  A  good  deal  has  already  been  written  on  artificial  digestion,  the  discoverer 
of  which  was  Eberle  (loc.  dt.) ;  Mtiller  and  Schwann  pursued  the  discovery  fur- 
ther (MiUler*s  ArchiVy  1836),  and  additional  contributions  to  our  knowledge 
were  subsequently  brought  by  Pappenheim  (loc.  cit.),  and  by  Wasmann  in  his 
dissertation.     In  instituting  experiments  on  artificial  digestion,  the  best  proced- 
ure is  the  following :  The  fi^sh  and  clean-washed  or  the  dried  stomach  of  an 
animal, — ^if  it  be  that  of  a  ruminant  the  fourth  stomach  or  rennet  must  be  select- 
ed,— turned  inside  out,  is  put  to  soak  in  from  one  to  two  quarts  of  lukewarm 
water,  to  which  so  much  of  an  acid,  and  the  best  is  perhaps  the  hydrochloric, 
has  been  added  as  to  make  it  taste  pretty  sharply  sour,  without  however  attack- 
ing the  teeth.     The  stomach  is  digested  with  this  fluid  in  a  temperatiure  of  be- 
tween 90*  and  100*  F.  during  from  6  to  12  hours,  and  then  the  liquor  is  poured 
ofi*;  this  IB  the  artificial  gastric  juice,  which  serves  perfectly  for  experiments  in  a 
general  way ;  but  if  the  purpose  be  to  examine  the  products  of  the  digestive  pro- 
cess very  particularly,  it  is  proper  to  have  a  purer  and  more  carefully  prepared 
fluid.    Wasmann  recommends  us  to  separate  the  mucous  membrane  of  the  mid- 
dle parts  of  the  stomach  from  those  that  surround  both  the  cardia  and  pylorus, 
this,  according  to  him,  containing  a  larger  quantity  of  pepsin  than  these.    The 
part  of  the  membrane  selected,  carefiiUy  fi^ed  from  the  muscular  tunic,  is  well 
washed  with  water,  and  then  digested  with  about  six  ounces  of  distilled  water  at 
a  temperature  of  fix>m  90o  to  100^  F.    After  standing  for  a  few  hours,  the  liquid 
is  to  be  skimmed  and  poured  ofi*  clear ;  the  piece  of  mucous  membrane,  which 
is  not  to  be  cut  into  morsels  but  kept  whole,  is  then  washed  again,  and  again  ma- 
cerated with  six  ounces  of  cold  water ;  tliis  fluid  is  by  and  by  to  be  poured  off  and 
filtered,  and  the  same  process  is  to  be  repeated  until  the  membrane  operated  on 
begins  to  putrefy.    The  different  liquids  obtained  put  together  and  filtered,  and 
baring  had  a  little  acetic  or  hydrochloric  acid  added  to  them,  forms  the  artificial 
digesting  fluid.    The  active  principle  contained  in  this  fluid  is  pepsin^  a  pecu- 
liar proximate  animal  principle  of  such  potency,  that  when  in  a  state  of  purity, 
^TjJ^Q^th  part  added  to  weakly  acidulous  water  forms  a  powerfiil  digestive  fluid. 
Coagulated  white  of  egg,  meat,  bread,  &c.  &c.,  added  to  the  digestive  fluid  pre- 
part^d  in  the  manner  above  indicated,  and  set  in  a  temperature  between  30^  and 
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§161.  The  gastric  juice,  as  secreted  by  the  living  stomach,  is 
an  extremely  compound  fluid  (§  148).  Do  the  whole  of  its  constitu- 
ent elements  contribute  to  the  work  of  digestion,  or  are  there  only 
several  of  them  which  are  essential  and  efficient,  the  others  being 
only  accidentally  mingled  with  the  fluid  ?  This  question  is  easily  an* 
swered :  A  solution  of  pure  pepsin  in  slightly  acidulated  water  dis- 
solves the  food  as  quickly  and  completely  as  the  natural  gastric  juice ; 
all  the  constituents  of  this  fluid  therefore  other  than  the  pepsin  and 
the  acid — the  salts  and  animal  extractive — are  not  essentially  ne- 
cessary to  digestion.  A  simple  solution  of  pepsin  in  water,  how- 
ever, has  no  digesting  power  ;  articles  of  food  are  not  attacked  and 
dissolved  by  it,  but  on  the  contrary  pass  rapidly  into  putrefaction. 
A  simple  dilute  solution  of  an  acid  aided  by  a  suitable  temperature, 

35°  C.  (90°  and  100°  F.)  will  be  found  after  a  time  softened,  dissolved,  and  con* 
verted  into  chyme.    The  time  necessary  to  effect  the  change  varies  between  two 
and  twelve  hours ;  it  is  of  course  the  shorter  as  the  digestive  liquid  is  stronger, 
as  pains  have  been  bestowed  in  its  preparation,  and  as  the  temperature  is  pro- 
perly regulated  in  the  course  of  the  experiment.    But  in  order  to  exhibit  the 
phenomena  of  digestion,  it  is  not  even  necessary  to  be  at  the  trouble  of  preparing 
a  digestive  liquid  by  itself  and  especially ;  it  is  sufficient  to  add  a  few  pieces  of  the 
dry  or  recent  mucous  membrane  of  a  stomach  along  with  the  articles  of  food 
which  it  is  proposed  to  make  the  subject  of  the  experiment  to  some  acidulated 
water,  and  leave  the  whole  to  macerate  for  a  few  hours.     The  experiment  of 
artificial  digestion  always  succeeds  if  the  following  particulars  be  attended  to : 
the  temperature  both  in  preparing  the  digestive  fluid  and  during  the  experiment 
should  be  between  30"^  and  35o  C. ;  (90°  and  100°  F.)  a  lower  grade  retards  the 
process,  a  higher  one  destroys  the  peculiar  power  of  the  fluid  entirely.    The 
second  point  has  reference  to  the  quantity  of  the  acid :  if  to  a  watery  solution  of 
pepsin  a  small  quantity  of  acid  be  added,  a  precipitate  ensues  (a  microlytic  pre- 
cipitate), which  is  redissolved  by  a  larger  quantity  of  acid.    This  is  the  best 
proportion  in  which  the  acid  can  be  used.    For  if  a  little  more  acid  be  added,  a 
precipitate  happens  a  second  time  (a  microlytic  precipitate)  which  like  the 
microlytic  precipitate  will  dissolve,  indeed,  in  a  sufficient  quantity  of  water,  but 
will  be  found  to  have  lost  its  solvent  properties.    The  quantity  of  acid  employed 
ought  not,  therefore,  to  be  too  lai^e.   The  kind  of  acid  appears  to  be  indifierent ; 
hydrochloric  is  that  which  is  usually  employed,  the  artificial  digestive  liquid 
which  it  forms  appearing  to  resemble  the  human  gastric  juice  most  closely.     If 
we  desire  to  examine  the  products  of  the  artificial  digestion  chemically,  sulphuric 
acid,  as  the  most  readUy  separable,  is  the  most  eligible.    The  quantity  of  water 
seems  to  be  of  no  great  moment,  for  an  extremely  dilute  solution  of  pepsin  still 
exhibits  digesting  powers ;  the  quantity  of  the  acid  must,  however,  bear  a  certain 
proportion  to  that  of  the  water. 
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on  the  contrary,  has  the  power  of  dissolving  a  variety  of  substances  ; 
and  several  physiologists  have  consequently  thought  proper  to  as- 
cribe the  solution  by  the  gastric  juice  either  of  articles  of  food  gene- 
rally, or  of  some  of  these,  to  the  free  acid  which  this  fluid  holds  in  its 
constitution.  But  the  solution  of  various  articles  of  food  effected  by 
dilute  acids  alone  is  never  so  complete  as  that  which  is  performed  by 
the  gastric  juice,  it  also  requires  a  longer  time,  and  in  addition  pecu- 
liar favouring  circumstances,  especially  a  higher  temperatiure,  for  its 
accomplishment.  It  is  therefore  imperative  on  us  to  conclude  that 
it  is  the  combination  of  the  pepsin  with  the  free  acid  which  accom- 
plishes digestion,  and  that  to  the  normal  act  as  it  takes  place  in  the 
healthy  stomach  both  substances  are  required^^^. 

'^^  Tiedemann  and  Gmdin  held  that  the  free  acid  was  the  principal  agent  in 
effecting  the  solution ;  and  according  to  Schwann,  many  principal  articles  of  food, 
such  as  casein,  animal  jelly,  starch  and  gluten,  are  dissolved  by  it.    Wasmann, 
too,  maintains  that  the  acid  alone  possesses  the  solvent  digestive  faculty,  and  that 
the  pepsin  only  accelerates  the  process.    I  had  myself,  in  the  course  of  an  earlier 
series  of  experiments,  been  brought  to  conclude  that  as  acids  greatly  diluted,  in 
favourable  circumstances,  especially  with  the  assistance  of  a  temperature  between 
7(fi  and  100^  C.  (158°  and  212®  F.)  and  a  long  time,  had  the  power  of  dissolv- 
iog  almost  every  kind  of  food,  they  were  the  virtual  digestive  principle.     But 
when  we  make  two  comparative  series  of  experiments,  the  one  with  an  acidulated 
solution  of  pepsin,  the  other  with  simple  acidulated  water,  we  find  that  in  the 
former,  the  temperature  being  maintained  at  that  of  the  human  body,  the  solu- 
tion of  the  food  takes  place  in  the  same  time  and  just  as  completely  as  it  does 
in  the  living  stomach,  which  is  very  far  from  being  the  case  in  the  latter.    This 
is  enough  to  force  conviction  on  the  mind  that  pepsin  as  well  as  acid  is  essential 
to  digestion,  as  it  goes  on  under  ordinary  circumstances  within  the  stomach. 
[One  cause  of  the  tardy  digestion  that  accompanies  the  preternatural  formation 
of  acid  in  the  stomach,  may  depend  on  the  precipitation  of  the  pepsin  as  fast  as 
it  is  elaborated ;  but  an  excess  of  acid,  though  the  cause  of  much  suffering  to 
the  patient,  is  connected  with  the  least  important  of  aU  the  forms  of  dyspepsia ; 
there  is  very  perfect  solution  of  the  food  in  the  end,  and  the  individual  is  suffi- 
ciently nourished — oflen  even  fat  and  florid,  in  spite  of  the  misery  he  endures 
after  every  meal.    It  is  in  these  cases  that  animal  food  agrees  so  well.     There 
Is  no  extra  quantity  of  acid  formed  from  beef  or  mutton ;  the  patient  digests  like 
other  people,  and  feels  himself  at  ease.     But  the  case  is  very  different  where 
the  stomach  is  simply  atonic,  or  where  it  is  in  a  state  of  erethism,  aud  therefore 
inclined  to  perform  its  function  amiss.     Here  a  hearty  meal  of  animal  food — beef 
or  mutton — ^is  either  felt  as  a  load  which  cannot  be  got  rid  of,  or  as  the  cause  of 
a  state  of  febrile  excitement  of  the  most  distressing  kind.     Here  the  lightest 
articles  of  vegetable  food  and  animal  broths  only,  are  indicated,  as  they  alone 
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What  then  is  the  theory  of  digestion  ?  in  other  words,  how  do  we 
explain  the  solution  and  alteration  of  the  food  during  digestion  up- 
on chemical  grounds  1  The  explanations  hitherto  offered  are  refer- 
rible  to  three  heads :  1st,  Digestion  takes  place  in  virtue  otcatalyiis, 
that  is,  pepsin  and  acid  by  their  mere  presence  effect  the  change 
and  solution  of  the  food  in  the  digestive  fluid,  without  themselves 
combining  with  it,  or  suffering  any  change;  2nd,  The  digestive 
principles — the  pepsin  and  associated  acid — unite  chemically  vnth  the 
constituents  of  the  food,  by  which  this  is  chemically  changed  and 
rendered  soluble  in  the  digestive  fluid ;  3rd,  The  pepsin  suffers 
change  itself,  and  effects  the  chemical  combination  of  the  acid  with 
the  food,  and  the  solution  of  the  latter  in  the  gastric  juice.  But 
none  of  these  different  views  can  with  certainty  be  indicated  as  that 
which  is  absolutely  the  right  one'^''. 

Changes  undergone  hy  the  food  in  the  Intestines. 

§  162.  From  the  stomach  the  food  in  a  great  measure,  or  wholly 
dissolved  and  changed  into  chyme,  passes  into  the  duodenum,  where 
it  is  mixed  with  the  pancreatic  fluid  and  the  bile.  What  effect 
chemically  or  otherwise  the  pancreatic  juice  may  have  upon  the 

are  readily  digested.  The  worst  of  all  the  forms  of  dyspepsia  is  that  in  which 
the  amylaceous  principle  in  all  its  shapes  is  changed  in  the  stomach  not  into 
lactic  or  acetic  acid  but  into  sugar,  a  form  which  I  have  of  late  years  spoken  of 
in  my  lectures  under  the  name  of  the  JDyspepna  sacchar^ena^  and  which  is  oni- 
versally  known  by  the  title  of  the  Diabetes  mellitus.  I  have  in  two  different 
instances  ascertained  that  an  artificial  digesting  fluid  prepared  from  the  mucous 
membrane  of  the  stomach  of  individuals  who  had  fallen  victims  to  Diabetes 
mellitus  possessed  as  perfect  a  solvent  power  over  hard  white  of  egg,  meat,  &c^ 
as  another  prepared  from  a  pig*s  stomach.  I  failed,  however,  to  procure  any 
sugar  by  the  action  of  this  artificial  fluid  on  starch  and  even  on  dextrine.  R.W.] 
'*''  The  first  of  these  three  views  is  rendered  improbable  by  the  circumstance 
that  the  pepsin  very  certainly  suffers  a  change  during  digestion.  Pappenheim 
has  shown  that  it  is  no  longer  precipitated  by  the  nitrate  of  the  protoxyde  of 
mercury  after  digestion,  as  it  is  before  this  process,  the  test  being  one  of  extreme 
delicacy.  And  then,  is  the  admission  of  a  pure  catalytic  force  admissible  in 
chemistry  f  To  me  it  seems  not.  It  were  better  at  all  times  to  own  that  this 
or  that  phenomenon  was  inexplicable  at  the  present  moment,  than  to  call  in  the 
aid  of  an  unknown  power  as  a  means  of  explanation.  Forced  to  choose  among 
the  three  views,  we  should  say  that  the  third  wore  the  greatest  show  of  likelihood 
upon  its  face. 
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chjme  is  wholly  unknown'**.  We  even  know  very  little  more  of 
the  effects  of  the  bile ;  it  seems  to  act  as  a  stimulant  upon  the  ali- 
znentary  canal,  exciting  its  peristaltic  motions.  The  free  acid  of  the 
chyme  must  cause  decomposition  of  the  bile ;  some  of  its  constitu- 
ent ingredients,  the  choleic  acid  (bilin  and  resin  of  the  bile)  and  the 
mucus  are  precipitated.  The  soda  of  the  bile,  on  the  other  hand, 
combines  with  the  free  acid  of  the  chyme,  and  partly  neutralizes  it. 
No  other  chemical  effect  of  the  bile  upon  the  chyme  has  been  ac- 
curately noted'**. 

'^  To  say  that  the  pancreatic  flaid  assiBts  the  assimilation  of  the  food  must 
remain  without  scientific  value,  so  long  as  we  are  not  informed  of  the  wherein 
thia  assimilation  consists.     [It  strikes  me  that  the  office  of  the  pancreas  is 
simply  to  dilute  the  thick  pultaceous  mass  that  passes  from  the  stomach,  and  so 
render  it  more  fit  to  yield  its  nutritious  parts  to  the  action  of  the  ahsorhents. 
The  stomach  is  a  mere  sieve  in  reference  to  diluents  of  all  kinds ;   a  pint  or 
more  of  watery  fluid  is  removed  in  the  course  of  a  few  minutes  fix>m  the  stomach, 
plainly  that  its  presence  might  not  interfere  with  the  due  solution  of  the  food ; 
but  this  accomplished,  considerable  dOution  becomes  necessary,  and  this  is  effect- 
ed by  the  afflux  of  the  pancreatic  fluid.    R.  W.] 

3^9  \^en  bile  is  mixed  with  acid  chyme  a  deposit  ensues ;   it  has  a  green 
colour,  and  consists  of  mucus  and  the  substance  called  choleic  acid  by  Demarcay. 
The  same  precipitate  fiUIs  when  instead  of  acid  chyme  a  diluted  acid — ^muriatic, 
sulphuric,  nitric — ^is  added  to  bile.  Acetic  acid  occasions  no  precipitate  of  choleic 
acid.     Nothing  is  thrown  down  fi'om  the  chyme  unless  a  considerable  excess  of 
bile  be  added  to  it ;  it  is  only  after  complete  neutralization  of  the  chyme  that  a 
amaU  quantity  of  the  matter  held  dissolved  in  it  is  precipitated  ;  but  Tiedemann 
and  Gmelin  always  found  the  chyme  of  animals  to  be  acid  even  after  the  bile 
had  been  mixed  with  it.    The  old  notion  that  the  chyle  was  precipitated  firom 
the  chyme  in  white  flocks  is,  therefore,  incorrect ;  the  white  flocks  are  mere 
mucus,  as  the  distinguished  experimenters  just  quoted  showed  (loc.  cit.  B.  i.  S. 
363}.     My  own  opinion  is,  that  the  bile  plays  no  very  important  ^art  in  diges- 
tion  ;  its  principal  ofiice  seems  to  me  to  be  that  of  neutralizing  a  portion  of  the 
acid,  according  to  the  views  of  the  physiologists  of  the  last  age.     [With  this 
view  I  c^annot  agree.     I  feel  assured  that  the  office  of  the  bile  in  neutralizing  the 
acid  of  the   chyme  is  altogether  insignificant ;  this,  in  fact,  is  the  old  struggle 
between  acid  and  alkali,  and  I  cannot  see  that  there  was  any  necessity  for  a  coun- 
terbalancing means  of  the  kind  in  question.     In  the  first  plan,  the  acid  formed 
during  digestion  is  of  a  kind  which,  in  contact  with  vegetable  and  animal  matters, 
sttflfers  spontaneous  decomposition  and  becomes  carbonic  acid  gas ;  and  when  the 
fitomiich  forvDM  acid  in  excess,  as  it  often  does,  were  the  quantity  of  soda  in  the  bile 
multiplied  an  himdred-fold  and  more,  it  would  not  suffice  to  neutralize  it.  R.W.] 
The  principal  ingredient  of  the  bUe  is  the  choleic  acid  in  combination  with 
soda  ;  its  other  principles — ^fet  and  extractive  matter,  cannot  be  supposed  to 
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§  163.  We  are  very  indifferently  acquainted  with  all  that  happens 
to  the  chyme  in  its  passage  through  the  rest  of  the  intestines.  A 
portion  of  the  chyme, — the  portion  which  is  in  a  state  of  solution,  to 
wit, — is  taken  up,  principally,  as  it  appears,  hy  the  intestinal  villi, 
and  makes  its  way  into  the  lacteals,  where  it  forms  the  chyle.  Any 
part  of  the  food  that  had  escaped  complete  solution  in  the  stomach, 
would  seem  to  be  dissolved  in  the  intestines''^.     The  juices  secreted 

stand  for  much  in  the  act  of  digestion ;  the  choleic  acid,  however,  is  in  great 
measure  precipitated  and  forms  part  of  the  feces.  I  have  repeatedly  examined 
the  fluid  excrements  of  patients,  who  for  a  long  time  had  taken  no  solid  nourish, 
ment.  The  solid  constituents  of  these  feces  always  presented  the  same  appear- 
ance under  the  microscope :  an  indefinitely  granular  mass,  which  resembled  in 
every  respect  the  precipitate  obtained  from  bile  to  which  a  diluted  add  had  been 
added ;  the  chemical  examination  confirmed  the  fact  of  this  identity.  If  now 
we  conclude,  as  from  my  observations  as  well  as  those  of  Tiedemann  and  Gmdio, 
we  must,  that  the  chief  ingredient  of  the  bile  is  precipitated  on  its  admixture 
with  the  chyme,  and  becomes  a  portion  of  the  excrementitious  matter  which  is 
destined  to  be  discharged,  the  participation  of  the  bile  in  the  process  of  diges- 
tion cannot  be  much.  It  has  been  sought  to  determine  the  influence  of  the  bile 
on  digestion,  by  tying  the  ductus  choledochus  conmiunis  in  animals ;  Brodie, 
Tiedemann  and  Gmelin,  Leuret  and  Lassaigne,  all  instituted  experiments  of 
this  kind.  The  general  conclusion  come  to  was,  that  jaundice  was  induced,  and 
that  the  ventricular  digestion  was  not  impeded.  The  experiments  of  Tiedemann 
and  Gmelin  on  dogs  even  showed  that  the  formation  of  chyle  was  not  inter- 
rupted ;  the  chyle  in  the  absorbents  of  the  small  intestines,  however,  was  trans- 
parent, whereas  in  the  normal  state  it  is  white.  [This  appears  to  me  to  be  the 
most  important  fact  elicited  by  the  experimenters  in  connexion  with  the  func- 
tion of  the  bile.  The  chyle  being  transparent  and  watery-looking  without  the 
access  of  bile,  white  and  opaque  with  its  access,  it  is  impossible  to  overlook  some 
powerful  influence  which  it  exerts,  although  the  nature  of  this  has  hitherto 
escaped  us.  R.  W.]  According  to  Purkinje*s  experiments,  the  addition  of  bile 
disturbed  the  artificial  chymification ;  biliary  resin  alone,  according  to  Pappen- 
heim,  has  the  same  efiect.  This  explains  in  part  why  painful  mental  emotions 
and  other  pathological  conditions,  which  have  the  efiect  of  causing  bile  to  flow 
into  the  stomach  should  so  materially  affect  digestion.  Leuret  and  Lassaigne 
held  that  the  bile  dissolved  fatty  substances,  and  thereby  assisted  in  their  diges- 
tion ;  but  Tiedemann  and  Gmelin  combated  this  statement,  they  having  found 
that  bile  had  no  power  whatever  of  dissolving  fat.  There  is  no  necessity  in  fact 
for  having  recourse  to  any  such  virtue  in  the  bile ;  in  the  course  of  our  experi- 
ments on  artificial  digestion,  we  see  that  the  greater  part  of  the  fat  which  is 
taken  as  food  must  be  dissolved  by  the  heat  of  the  stomach,  and  made  into  an 
emulsion  by  its  contractions. 

^^  Tiedemann  and  Gmelin  on  many  occasions  detected  unaltered  alimentary 
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by  the  glands  of  the  intestines  probably  contribute  to  this  solution^'^ 
They  must  also  aid,  along  with  the  mucus  which  is  poured  out  by 
the  intestinal  parietes,  in  keeping  these  lubricated,  and  so  facilitating 
the  transit  of  the  insoluble  remainders  of  the  food ;  more  than  this, 
they  must  prove  of  essential  service  in  keeping  the  soluble  parts  of 
the  chyme  in  a  state  of  fluidity,  and  so  securing  their  extraction  in 
their  passage  through  the  intestines.  The  secretion  of  these  juices 
is  excited  and  increased  by  the  stimulus  of  the  chyme. 

§  164.  The  chyme  of  the  intestines  consists,  as  already  mentioned, 
of  two  parts,  one  which  is  destined  to  be  absorbed,  another  which 
will  be  voided  in  the  shape  of  excrement.  It  were  necessary  to  a 
complete  understanding  of  the  process  of  digestion  to  know  whether 
that  portion  of  the  chyme  which  is  absorbed,  is  taken  up  as  it  comes 
from  the  stomach,  or  whether  it  undergoes  any  farther  change. 
This  question  cannot  for  want  of  positive  experiments  on  the  sub- 
ject be  answered  definitively  at  present.  We  must  therefore  limit 
ourselves  here  to  the  indication  of  the  changes  which  the  chyme, 
and  particularly  that  portion  of  it  which  is  to  form  the  feces,  under- 
goes. For  our  knowledge  of  these  changes  we  are  principally  in- 
debted to  the  admirable  researches  of  Tiedemann  and  Gmelin.  The 
chyme  of  the  small  intestines  consists  in  general  of  the  same  ingre- 
dients as  that  of  the  stomach,  but  in  smaller  quantity ;  it  shows 
acid  reaction,  but  of  a  weaker  kind  than  it  does  in  the  stomach,  even 
after  admixture  with  the  bile;  towards  the  end  of  the  small  intes- 
tines the  acid  reaction  is  still  more  feeble,  and  sometimes  it  has 
ceased  entirely.     Here  the  mass  has  also  become  more  consistent ; 

matters  in  the  upper  part  of  the  intestine :  in  the  duodenum,  for  instance,  they 
discovered  starch,  hy  the  usual  test  of  iodine ;  towards  the  end  of  the  small  in- 
testine, however,  all  trace  of  undecompounded  food  had  disappeared.  [If  the  re- 
ports of  others  are  to  be  trusted,  the  undecomposed  proximate  principles  of  food 
have  been  found  even  beyond  the  boundary  of  the  intestines.  Brande,  as  has 
been  stated,  tells  us  that  he  found  sugar  of  milk  in  the  lacteals,  and  Gerber 
COeneral  Anatomy)  says,  that  he  proved  the  presence  of  starch  in  the  same  ves- 
seb  by  the  usual  iodine  test.  These  statements,  if  confirmed,  would  be  extreme- 
ly interesting ;  in  connection  with  physiological  and  with  pathological  consider- 
ations, it  would  also  be  very  important  to  show  them  true  or  false.    R.  W.] 

"'  There  is,  however,  no  occasion  to  insist  on  this  completion  of  the  process 
of  chymification  in  the  intestines,  by  the  influence  of  the  intestinal  juices ;  it  may 
take  place  in  consequence  of  the  continued  action  of  the  gastric  juice  mingled 
with  the  alimentary  mass  in  the  stomach. 
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it  seems  to  consist  almost  entirely  of  the  parts  that  are  to  form  the 
feces*  viz :  the  insoluble  particles  of  the  food,  the  woody  fibres, 
the  horny  tissues,  &c.  and  of  the  excrementitious  matters  which  are 
added  to  it  within  the  body  itself — certain  constituents  of  the  bile, 
inspissated  mucus,  &c.     It  would  appear,  however,  that  even  in  the 
great  intestines  certain  soluble  portions  were  extracted  and  absorb- 
ed from  the  now  excrementitious  mass.     Some  writers  will  even 
have  it  that  a  kind  of  second  digestion  commences  in  the  coecum  in 
many  animals,  effected  by  an  acid  fluid  like  that  of  tlie  stomach  se- 
creted by  this  part  of  the  intestine'*'.     Whether  any  ccecal  diges- 
tion of  this  description  takes  place  in  man  or  not  is  unknown ;  but 
this  much  is  certain,  that  if  it  does  happen,  it  is  of  no  such  great  im- 
portance as  the  process  which  occurs  in  the  coecum  of  many  animals, 
the  horse  for  example.     It  is  in  the  great  intestines  that  the  forma- 
tion of  feces  begins ;  in  other  words,  the  portion  of  the  alimentary 
mass  which  is  insoluble,  and  not  susceptible  of  being  absorbed,  and 
which  must  therefore  be  rejected,  becomes  of  a  darker  colour  and 
acquires  a  peculiar  fetid  smell.     Whether  the  change  that  here  oc- 
curs be  the  effect  of  a  peculiar  secretion  of  the  great  intestine  or  of 
spontaneous  decompositions—a  kind  of  putrefaction  of  the  remain- 
der of  the  food  itself, — ^has  not  been  determined^.     The  chemical 
constituents  of  human  feces  are  not  always  the  same ;  water,  mucus, 
a  variety  of  salts,  and  the  principal  ingredients  of  the  bile  can  always 

^^  In  the  horse,  to  wit,  and  the  majority  of  the  rodents.    In  the  hone,  how- 
ever, the  secretion  of  the  coecum  contains  no  free  acid. 

^^  Chevreul  and  Majendie  examined  the  gases  in  the  intestines  of  several 
executed  criminals.  Numbers  1  and  2,  two  hours  before  their  death,  had  par- 
taken of  bread  and  cheese,  and  drunk  some  wine  and  water.  Number  3,  four 
hours  before  execution,  had  eaten  bread,  meat,  and  haricots,  and  drunk  some 
red  wine.  The  gases  of  the  small  intestine  in  100  parts  consisted,  in  number  1, 
of  24,39  carbonic  acid,  55,53  hydrogen,  20,08  azote.  In  the  great  intestbes 
they  consisted  of  43,50  of  carbonic  acid,  carburetted  hydrogen  with  traces  of 
sidphuretted  hydrogen,  5,47,  azote,  51,03.  In  number  2,  in  the  small  intestine, 
40,00  carbonic  acid,  51,15  hydrogen,  8,85  azote;  in  the  great  intestine,  70,00 
carbonic  acid,  carbonic  acid  and  carburetted  hydrogen  11,60,  azote  18,40.  In 
number  3  in  the  small  intestine  25,00  carbonic  acid,  18,40  hydrogen,  66,60  azote ; 
in  the  coecum  12,50  carbonic  acid,  7,50  hydrogen,  12,50  carburetted  hydrogen, 
67,50  azote;  in  the  rectum  42,86  carbonic  acid,  11,18  carburetted  hydrogen, 
45,96  azote  and  a  small  quantity  of  sulphuretted  hydrogen.  It  is  obvious, 
therefore,  that  the  gases,  though  very  uniformly  the  same,  vary  greatly  in  their 
relative  proportions. 
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be  detected  in  them  ;  the  other  parts  vary  with  the  nature  of  the 
food"*. 

CHAPTER  IV. 

op    RESPIRATION. 

Of  Respiration  in  General. 

§  165.  In  the  higher  animals  the  whole  of  the  circulating  fluid 
is  sent  through  a  special  organ  formed  on  the  same  general  plan  as 
the  secreting  glandsi  which  fulfils  incessantly  an  office  the  most  es- 
sential to  life ;  this  organ  is  the  lung,  or  speaking  in  the  plural,  the 
lungs.  In  the  lungs  the  mass  of  the  circulating  fluid,  which  had 
been  changed  in  the  periphery  of  the  body  into  venous  blood,  mix- 
ed with  the  lymph  collected  from  all  parts  and  the  newly  elaborated 
chyle  taken  up  from  the  intestines,  is  brought  into  intimate  contact 
with  the  air  of  the  atmosphere,  the  efiect  of  which  is  that  the  blood 
recovers  its  bright  colour,  or  acquires  the  arterial  character,  which 
is  alone  competent  to  minister  to  nntrition,  and  properly  to  stimu- 
late the  central  parts  of  the  nervous  system  and  the  apparatus  of 
motion,  and  which  also,  with  the  single  exception  of  the  liver,  fur- 
nishes their  materials  to  the  various  organs  of  secretion. 

JFarm  and  intimate  Stnuiture  of  the  Respiratory  Organs, 

$  166.  Few  organs  present  such  varieties  in  point  of  structure  in 
the  animal  series  as  the  apparatus  of  respiration.  In  the  lowest 
classes  of  all  it  even  seems  to  be  entirely  wanting — ^in  the  entozoa, 
polypes,  medusae,  and  many  other  creatures  besides,  we  have  no 
traces  of  a  particular  respiratory  system.  Here  nevertheless  there 
is  a  substitute  for  the' special  organ  in  the  general  surface  of  the 
soft  and  delicate  body,  which  is  of  course  in  contact  with  the  air 
that  is  held  dissolved  in  the  medium  surrounded  by  which  they  live, 

^*  Berzelius  made  a  quantitatiye  analysis  of  human  feces.  100  parts  contain- 
ed 75,3  water,  24,7  solid  matter,  which  last  consisted  of  bile,  albamen,  and  ex- 
tractive matter,  and  of  salts  soluble  in  water  5,7,  insoluble  remains  of  the  food 
7,0.  In  the  small  intestine,  on  the  contrary,  the  solid  matters  were  mucus, 
biliary  resin,  &t,  animal  matters,  &c.  14,0. 
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or  otherwise  the  water  is  taken  into  the  stomach  and  intestinal  ca- 
nal^ or  it  is  drawn  into  the  interior  of  the  body  and  made  to  pene- 
trate between  and  to  bathe  the  whole  of  the  viscera. '  In  this  way 
it  is  brought  into  contact  with  the  vesselsi  through  the  delicate  walls 
of  which  that  peculiar  influence  is  readily  exerted  which  goes  on 
among  the  higher  classes  of  animals  through  the  membranous  tissues 
of  the  lungs  in  immediate  <!bntact  with  the  air  of  the  atmosphere. 
In  many  of  the  less  perfectly  organized  inhabitants  of  the  ocean, 
star-fishesy  sea-urchins,  &c.,  we  find  the  whole  interior  of  the  body 
full  of  sea  water,  and  observe  particular  organs  to  secure  its  per- 
petual renovation*". 

§  167.  The  greater  number  of  animals,  even  of  the  invertebrate 
series,  possess  particular  organs  of  respiration.  In  some  cases  how- 
ever, where  these  exist,  we  still  find  a  provision  for  the  assumption 
of  water  charged  with  air,  as  a  kind  of  complement  to  the  proper 
respiratory  system.  In  the  foot  of  many  of  the  univalve  and  bi- 
valve molluscs,  for  instance,  the  organization  of  which  is  sufficient^ 
ly  complex,  we  observe  particular  openings  which  lead  to  canals 
that  pass  through  the  foot  and  conduct  water  into  the  cavities  of 
the  body. 

§  168.  The  respiratory  apparatus  of  other  animals  can  be  arranged 
into  three  principal  forms:  1.  Lungs  ;  2.  Gills;  3.  TRACHEiE.  In 
the  two  first  of  these  forms  of  the  respiratory  organ,  the  tendency 
of  glandular  organs  in  general  is  apparent,  the  tendency,  namely, 
within  the  smallest  possible  space  to  compress  the  greatest  extent 
of  membranous  surface,  upon  which  blood  vessels  in  great  numbers 
are  distributed  and  brought  into  contact  with  an  external  medium. 
This  tendency,  indeed,  both  as  regards  gills  and  limgs,  is  accom- 
plished in  the  most  complete  manner  imaginable,  the  whole  circiw 
lating  fluid  of  the  body,  in  the  vast  majority  of  animals,  being  here 
spread  out  upon  membranous  structures  of  comparatively  small 
magnitude,  and  so  brought  into  mediate  or  immediate  contact  with 
the  air  of  the  atmosphere. 

§  169.  When  the  membranous  surface  which  is  to  serve  as  the 
means  of  contact  between  the  circulating  fluid  and  the  air  is  invert- 

^^  The  view  giren  here  of  the  principal  forms  of  the  organs  of  respiration  in 
the  animal  series  is  ver^  general ;  for  particular  details  I  refer  to  my  Campara" 
tive  AjuUomy  and  Iconeg  ZootofnioB. 
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ed  and  contained  vdthin  the  interior  of  the  body,  so  as  to  form  a 
simple  sac,  or  a  more  complex  aggregation  of  ccecal  sacs  and  vesicles, 
the  organ  is  designated  a  lung.     If,  on  the  contrary,  the  membranous 
surface  is  everted  and  extended  in  the  form  of  laminae,  tufts,  ramified 
lappets,  8cc.  which  may  be  contained  in  a  cleft  of  the  body,  or  attached 
to  some  particular  part,  or  distributed  over  the  whole  of  its  external 
surface,  the  organ  is  known  by  the  name  o{ gills.   As  a  general  rule, 
lungs  are  only  met  with  in  animals  that  live  on  the  land,  or  in  those 
that  though  they  live  in  water,  must  still  spend  some  portion  more  or 
less  of  their  time  on  the  surface  for  the  sake  of  air  ;  and  gills,  on  the 
contrary,  are  only  met  with  in  purely  water-anhnals,  which  however 
do  not  breathe  water,  but  the  air  which  it  always  holds  dissolved'^. 
Still  these  are  not  universal  rules ;  for  there  are  animals  which  take 
the  water  in  which  they  live  into  internal  cavities  and  canals,  even  hol- 
low ramified  sacs,  formed  in  all  essential  respects  on  the  type  of  the 
lungs  of  air-breathing  animals''^ ;  and  there  are  air-breathing  land 
animals  upon  the  pulmonic  sacs  of  which  leaf-like  gills  are  attach- 
ed«. 

§  170.  The  third  form  of  respiratory  apparatus  or  trachea  is 
general  among  insects,  and  also  occurs  in  many  arachnidans.  The 
tracheae  are  air-tubes  which  divide  and  become  finer  and  finer,  here 
and  there  enlarging  into  vesicles  of  different  sizes,  and  so  penetrating 
erery  organ  of  the  body.  They  convey  the  air  of  the  atmosphere 
to  the  interiors  of  all  the  tissues,  and  as  they  are  everywhere  sur- 
rounded by  the  blood,  which  we  have  seen  to  be  shed  at  large  into 
the  interstices  of  the  body,  and  not  to  be  contained  within  any  thing 
like  determinate  canals  or  blood  vessels  (§111),  the  contact  and  mu- 

^^  The  experiments  of  Huniboldt  and  Provenqal  have  shown  that  the  water  of 
every  kind  in  which  living  creatures  live,  contains  oxygen  and  azote  in  determi- 
nate proportions  dissolved  in  it ;  the  gases  are  absorbed  from  the  atmosphere 
and  expelled  by  boiling ;  fishes  soon  die  in  water  that  has  been  freed  of  its  air 
in  this  way;  they  also  die  when  they  are  kept  at  the  bottom  of  vessels  of  limited 
capacity,  and  not  suffered  to  come  to  the  surface  to  breathe  the  upper  strata  of 
water,  which,  being  in  contact  with  the  atmosphere,  are  never  exhausted  of  their 
vital  fluid. 

'^  To  this  category  belong  Ascidiae,  for  example,  (Icoties  Zootom,  Tab.  xxxi.) 
which  suck  the  surrounding  water  into  hollow  sacs,  upon  which  leaf-like  offsets 
are  observed  ;  and  Holothuriae,  (Icones  Zootom,  Tab.  xxxii.)  in  which  a  hollow 
tubulus  ariaea  from  the  cloaca,  which  ramifies  like  the  branches  of  a  tree,  and 
Lxpands  into  hollow  terminal  vesicles. 

j?.s  'pijg  palmonic  Arachnidans,  for  example.     (Icones  Zootom,  Tab.  xxv.) 
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tual  interchange  of  elements  between  the  two  fluids  is  readily  ac- 
complished. 

§  171.  The  different  forms  of  the  respiratory  organ  present  them- 
selves in  the  most  varied  arrangements  and  combinations  of  its  es- 
sential elements.  There  are  entire  orders  of  animals,  frogs  and 
newts,  for  example,  the  larvae  of  which  breathe  by  gills  and  the  fully 
formed  animal  by  lungs ;  or  lungs  and  gills  occur  together  through 
the  whole  course  of  existence,  as  in  the  proteus  and  its  congeners, 
and  in  many  molluscs''^.  In  many  spiders  we  find  gills,  lungs  and 
tracheae ;  or  otherwise,  and  this  is  observed  in  the  larva  of  the  ephe- 
mera, the  tracheae  divide  upon  external  gill-like  laminae.  Gills 
present  the  greatest  imaginable  variety  of  form  in  the  different 
classes  and  orders  of  animals  in  which  they  occur,  from  the  state  of 
simple  filaments  and  plates,  to  the  most  complex  pectiniform,  branch- 
ed, and  feathered  or  plume-like  structures. 

§  172.  The  minute  anatomy  of  the  lungs  in  vertebrate  animals 
exhibits  many  interesting  varieties.  The  structure  is  simplest  in 
the  naked  amphibia,  where  it  is  but  little  more  complex  than  in  the 
snails"^.  In  the  water-newt,  for  instance,  the  lungs  present  them- 
selves as  a  pair  of  simple  elongated  sacs  (Fig.  CLXXIV.)  attach- 
ed to  an  extremely  short  rudimentary  larynx,  and  internally  exhib- 
iting no  projection ;  the  air  distends  the  entire  hollow  internal  sac 
or  cavity.  In  the  frogs  the  membranous  surface  of  the  lungs  is  in- 
creased by  the  development  of  cells  upon  their  internal  aspect,  (Fig. 
CLXXVI.),  upon  the  bottoms  of  which  cells,  other  secondary 
and  smaller  ones  can  be  perceived.  All  these  pulmonic  cells,  how- 
ever, are  merely  parietal,  and  communicate  directly  with  the  middle 
cavity  of  the  lung,  which  is  filled  with  atmospheric  air,  and  upon 
the  membranous  walls  of  which,  as  well  as  upon  their  bottoms, 
the  blood  vessels  ramify.  In  the  turtles  and  crocodiles  the  cellular 
subdivisions  increase  in  number  and  decline  in  size,  and  the  common 
cavity  is  divided  by  various  bands  and  septa  stretching  across  it  in- 
to a  number  of  mutually  communicating  sacs  or  pouches.  The 
whole  lung  thus  acquires  a  more  compact  or  parenchymatous  ap- 
pearance.    In  the  serpents,  in  which  one  only  of  the  two  lungs  is 

3<d  pQ].  example,  in  the  genus  Onchidium. 

^^  The  lung  presents  itself  in  its  very  simplest  form  in  the  snails  and  slogs. 
The  contractile  respiratory  orifice  here  leads  to  a  simple  smooth  internal  cavity 
lined  with  a  delicate  mucous  membrane,  ui>on  which  the  pulmonary  vessels  are 
distributed. 
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ever  completely  eyolved,  this  at  the  upper  part  is  covered  with 
small  parietal  cells ;  but  these  gradually  become  smaller  and  smaller, 
less  and  less  distinct,  and  finally  disappear  entirely,  so  that  the  low- 
er part  of  the  lung  is  completely  vesicular  and  unvascular. 

§  173.  In  the  class  of  birds  we  observe  in  the  same  interesting 
manner  the  general  type  of  the  lung  preserved,  but  the  surface  of 
contact  greatly  increased  by  means  of  parietal  cells,  which  are  re- 
peated again  and  again.  This  modification  is  made  necessary  by 
the  larger  quantity  of  blood  which  is  here  transmitted  to  the  respi- 
ratory system,  and  the  consequent  augmented  amount  of  respiratory 
process,  by  which  a  larger  extent  of  membranous  surface  became 
indispensable.  The  bronchi  in  birds  are  continued  into  the  lungs, 
where  they  divide  into  membranous  tubes,  which  permeate  their 
substance.  The  deeper  tubes  stand  like  organ-pipes,  and  open  into 
the  superficial  tubes ;  and  all  are  covered  with  small  parietal 
cells  upon  which  vessels  are  distributed.  The  cells  form  very  ele- 
gant, delicate  microscopic  reticulations,  and  generally  present  them- 
selves as  six-sided  spaces. 

§  174.  The  lungs  of  man  and  the  mammalia  are  formed  after 
another  and  a  different  type.  The  trachea  here  divides  and  subdi- 
vides like  the  branches  of  a  tree,  into  finer  and  finer  branches,  which 
at  first  contain  cartilages  in  their  constitution,  but  which  by  and  by 

Fio.  CLXXIV. 


FiQ.  CLXXIV.  Lung  of  the  Water-newt  (Triton  cn6- 
tatus):  A.  the  natural  size;  B,  magnified:  a,  Pulmonary 
artery ;  ft,  Pulmonary  vein. 
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become  membranous,  and  finalty  end  in  Wind  sacculi,  or  rather  in 
hollow  berry  or  bud-like  and  clustered  vesicles  (Figs.  CI,XXIX. 
ttnd  CLXXX).  The  pulmonic  cells  of  man  and  the  mammalia, 
consequently,  are  not  parietal  but  terminal  cells:  they  vary  from 
the  6th  to  the  18th  of  a  line  in  magnitude,  the  majority  of  them 
measuring  between  the  8th  and  the  10th  of  a  line  in  diameter. 
Delicate  arcuate  fibres,  of  the  nature  of  elastic  tissue,  surround 
these  terminal  vesicles,  and  hold  them  distended™,  whibt  the  vessels 
spread  freely  over  their  surface  (Fig.  CLXXXI). 

P"  Surely  this  ia  not  the  case ;  we  genenlly  aMiibe  the  coBapie  of  tbe  Im^ 
which  tekes  place  when  the  carity  of  the  chest  is  kid  open,  to  the  Action  of  tbe 
elaatic  element  in  their  competition.  The  ur-cells  are  disteodcd  in  man  anil 
mammals  by  the  dilating  force  of  the  thoracic  grating,  acted  on  by  ita  appropri- 
ate muscles,  and  the  diaphrBgni.  Mr.  GnlUver  informs  me  that  an  eiamination  of 
the  lungs  of  man  and  the  lower  mammalia  haa  even  led  him  to  infer  that  the  elas- 
tic tissue  is  an  important  agent  in  expiration.  This  tissue,  be  says,  may  be  K«n 
to  invest  tbe  entire  surface  of  the  lung,  forming  a  strong,  elastic,  though  delicalt 
capsule  to  the  organ.  If  the  pulmonary  pleura  of  tbe  horse  be  stripped  off,  for  ex- 
ample, Bod  tbe  surface  of  tbe  lung  be  then  examiaed,  it  wiU  be  found  to  be  iniest- 
ed  by  a  mesh  of  fibres,  resembling  those  of  tbe  ligamcntumnuchnoflhisaniiDsl, 
and  of  tbe  fibrous  coat  of  the  aorta  of  the  ox,  as  depicted  in  Gerber's  jinabxif , 
figs  54  and  S5.  I  may  add,  that  Mr.  GuUirer,  availing  himself  of  the  character 
iidc  microscopic  ^pearance  of  tbe  tissue  surrounding  tbe  air-cellt,  has  been 
enabled  to  detect  tubercular  matter  filling  fAe  earitiet  o/tkeit  c«Ui,  by  examiatng 
either  very  thin  slices  and  fragments,  or  softened  portions  of  deposits,  which  to 
the  naked  eye  appeared  to  be  only  homogeneous  masses  of  tubercle.  A  figure 
from  one  of  Mr.  GaUiver'a  observations  is  here  giveo,  because  the  actual  seat  of 
tubercle  of  the  lungs  baa  long  been  an  interesting  question  to  phydologists  bb 
well  as  to  pathologists.    R.  W.] 

Fio.  CLXXV. 


Fw.  CLXXV.  To  the  left,  msgnified  IW 
diameter*,  is  shown  a  central  portion  of '"■ 
bercle  from  tbe  luogs  of  a  man  aged  22  wbo 
died  of  pulmonary  consumption ;  tbe  luberae 
is  contained  in  the  Mr-cells,  and  smroondd 
by  the  fibres  of  their  walla.  To  the  right  i» 
depicted  some  of  the  same  tubercle  separated 
and  magnified  about  820  diameters. 
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§  175.  The  development  of  the  lungs  is  extremely  interesting. 
In  the  embryo  of  the  bird  and  mammal  they  first  appear  in  the 
shape  of  a  simple  and  then  of  a  double  projection  from  the  oesopha* 
gus  (Fig*  CLXXXII.  a),  which  soon  divides  more  distinctly  into 
two,  becomes  separated  from  this  part,  and  is  finally  supported  upon 


Fio.  CLXXVL 


Fio.  CLXXVI.  Portion  of  the  lung  of  the  Triton  cria- 
tatus.  The  vessels  are  injected  with  fine  size  and  yer- 
miUon,  and  form  so  dense  a  net  that  minute  islets  only 
of  parenchyma  remain  visible. 


Fio.  CLXXVII. 


Fio.  CLXX  Vn.  Portion  of  the  Frog*8  lung  from  within, 
to  show  the  open  parietal  cells — ^figure  drawn  twice  the  size 
of  nature. 


Fig.  CLXXVIll. 


Fio.  CLXXVIIL  A.  Several  cells  from  the 
lung  of  a  Tortoise.  A  portion  of  one  of  these 
cells  is  exhibited  in  B  magnified  500  times — 
part  of  the  septum,  a  a,  which  divides  this 
cell  firom  those  next  to  it,  c  and  dy  is  seen. 
The  vessels  are  ii^jected  with  sise  and  ver- 
mifion,  and  form  such  thick  masses  that  the 
islets  of  pulmonic  parenchyma  betwixt  them 
almost  disappear. 
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a  pedicle — the  future  trachea  (Fig.  CLXXXII.  6).  In  birds  these 
little  sacs  are  then  drawn  out  into  hollow  tubes,  which  pass  over 
iuto  the  parallel  pipes  above  described  ($  173.}  In  mammalia  they 
divide  after  the  manner  of  branches  into  twigs  and  minute  vesicles 
(Fig.  CLXXIX),  which  advance  in  development  and  become  the 
future  terminal  cells"*, 

"*  Id  studying  tbe  development  of  the  pulmonic  syitem,  the  yomig  enArjat 
of  the  fowl,  hog,  and  sheep,  are  the  best  nibjecta.   The  itructurea  ore  very  readil; 


Fio.  CLXXIX.  A  piece  fiom  that  part  of 
the  Serpeot'i  Imig  which  is  most  scaiitil;  sup- 
plied with  vessels,  magnified  400  times.  Tbe 
Teaoels  here  form  a  very  beautitul  rete  with  wide 
meahes ;  the;  have  been  auccessfully  injected 
with  fine  rize  ood  vermilion. 


Fio.  CLXXX.  Temunal  vesicles  of  the 
human  lung,  han^ng  to  a  branch  of  tbe  bron- 
chi M  berries  hang  to  their  stalk,  and  distinct 
another.  The  figure  is  half  a  plaOi 
and  the  magni^ing  power  used  ver;  high. 


Fio.  CLXXXL  A.  PorUoB  of  the  Inng  of  a  H<^.  Tbe 
terminal  reticles  are  filled  with  mercury,  and  of  tbfl  natu- 
ral uze.    B,  the  same  part  seen  under  a  simple  lens- 
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$  1 76.  The  capillaiy  vascular  net-work  of  the  lungs,  as  already  stated 
§  1 23,  exhibits  a  peculiar  structure,  which  may  be  studied  very  readily 

followed  in  their  differ«Dt  phasei.  On  the  structure  of  tbe  lung  vide  Reisieisen, 
Defabrica  Pvlmonam,  fol.  1822.  On  the  defelopment  of  tbe  reapirotor;  appa- 
ratus of  birda  see  Rathke  in  Acta  Aead.  Catar.  Leopold.  Natura  eurio- 
torum,  vol.  slv.  para.  I. 

Fio.  CLXXXn. 


Fra.CLXXXIL  Small  por- 
tiaa  of  lung  fi'om  the  bod;  of 
a  man  examined  abtHtly  after 
death,  under  a  magnilying 
power  of  200  ^mea.  The  vea- 
aela,  b  b,  &c.,  still  tu:|^d  with 
blood,  include  Ter;  minute 
ialets  of  parenchynM  between 
Ihein  ;  the  BemicircuUu-  fibrea 
a  a  a,  aurround  tbe  smallest 
terminal  cells  of  tbe  lunga. 


Fro.  CLXXXriL 


^^ 


Fio.  CLXXXm.  a.  Rudiment  of  the  lung  in  the 
^If^  embryo  of  the  Fowl  of  tbe  fourth  day ;  S,  The 
1'  V  '""^  "^  *'^^  embryo  of  the  aixth  day.  Both  tigurea 
*  '        twice  the  aiie  of  nature. 


Fjfl.  ULXXXIV. 


Fig.  CLXXXIV.  The  greater  part  of  the  right 
lung  of  a  foetal  sheep,  1^  inch  long,  seen  under  tbe 
microscope,  (after  MUllcr,  De  Gland,  ueem.  ttmcl. 
peml.  T.  xvii.  t.  7.) 
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in  tlie  lungs  of  the  live  newt  (Figs.CLXXXV.  and  CLXXXVI.) 
or  in  preparations  of  the  same  part  that  have-  been  finely  injected. 

Fio.  CLXXXV. 


Fig.  CLXXXV,  TennimUoD  Of  one  of  the  braochingi  of 
the  bronchi  from  the  lung  of  a  very  youi^  embryo  of  the  hog 
ftfter  Baihke  (Fig.  riii.  T.  xviii.) 


Fio.  CLXXXVI.    (Repetitioo  of  Fro.  CLXV.) 


Fig.  CLXXXVL  PortioD  of  the  lung  qf  &  live  newt,  magnified  ISO  di- 
ameten.  Oa  the  upper  margio  of  the  figure,  the  great  stream  of  venous  blood 
is  observed  proceeding  from  bio  a,  this  principal  stream  being  joined  b;  another, 
e,  made  up  of  two  leaser  currents,  anastomoBing  with  ivhicb,  numerous  capillviei 
are  seen  proceeding  from  or  in  direct  commuaication  with  a  branch  of  the  pul- 
moiuuy  artery,  d.  The  very  delicate  capillaries  which  serve  ai  bonds  of  uniMi 
between  the  two  kinds  of  pulmonary  vessels,  are  observed  playing  around  little 
islets  of  tbe  substance  of  the  lung,  in  which  a  granular  or  cellular  texture  is  in- 
distinctly perceptible.  The  clear  apace  between  the  current  of  the  blood  snd 
tbe  solid  and  always  obvious  walls  of  the  vessels  constantly  seen  in  tbe  larger 
branches,  is  almost  entirely  wanting  here.  The  lymph-granules,  therefore,  are 
obseived  mixed  with  the  genera]  torrent. 
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From  the  whole  extent  of  the  pulmonary  artery  a  vast  number  of 
very  small  arteries  arise,  the  orifices  of  which  give  the  inner  surface  of 
iCspriDcipal  branches  the  appearance  of  a  regularly  perforated  sieve; 
these  minute  vessels  form  a  very  close  irregular  hexagonal  interme- 
diate net-work,  without  resolving  themselves  into  branches  and  twigs 
like  a  tree,  and  so  forming  a  capillary  rete.  Yet  single  larger  vessels 
(Fig,  CLXXXV.  d,y  do  proceed  from  the  pulmonary  artery  to 
reach  some  more  remote  part  of  the  lung.  The  pulmonary  vein, 
like  the  pulmonary  artery,  is  partly  perforated  at  every  point 
U)  its  course  for  the  reception  of  smaller  vessels,  and  is  partly  form- 
ed by  larger  venous  trunks,  which  collect  and  bring  the  blood  from 
greater  distances.  (Fig.  CLXXXV.  c).  The  islets  of  the  thin 
and  indistinctly  cellular  parenchyma  are  often  of  a  diameter  inferior 
to  that  of  the  vessels  which  surround  them ;  this  is  the  case  in  the 
tortoise,  for  example  (Fig.  CLXXVIL),  and  appears  to  be  the 
case  in  man  also  (Fig.  CLXXXI).  It  is  remarkable  that  even  in 
the  more  conspicuous  branches  of  the  pulmonary  vascular  system, 
the  layer  of  transparent  lymph  in  immediate  contact  vrith  the  walls 
of  the  vessels  should  either  be  wanting  or  of  the  greatest  delicacy ; 
and  that  no  lymph-corpuscles  should  bevisible  swimming  in  it  apart 
from  the  general  current,  but  that  they  should  he  observed  mingled 
with  the  common  stream.  (Fig.  CLXXXVI.  a,  b,  c/". 

*"  On  the  respirator;  movements,  the  influence  of  the  nerves  on  respiratioD, 
&c.  aee  the  paragraphs  devoted  to  the  consideration  of  these  subjects  in  the 
chapter  on  Motion  in  General.  There  are  good  representationB  of  the  capillary 
net-work  of  the  lungs  m  the  newt,  the  toad,  Sc.  in  Dr.  M.  Hall's  Critical  and 
Experimental  Enay  on  the  CircvUdian. 


Via.  CLXXZVL  (Repetition  of  Fig.  CLXVI.) 


Rg.  CLXXXVL  One  of  the  pulmo- 
nary islets  of  the  newt  bounded  by  capil- 
laries on  three  sides,  by  a  larger  venous 
branch  on  the  fourth  side,  a,  b,  c,  are 
lymph -globules  mingled  with  the  hlood- 
globules.  The  object  is  magnined  about 
300  times. 
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CHEMICAL    PROCESSES   OCCURRING   DURING   RESPIRATION. 

(bT   DB.   JUUU8   VOGBL.) 

§  177.  The  organs  which  serve  in  man  and  the  various  orders  of 
animals  for  respiration,  and  the  mechanical  part  of  the  function 
of  these  organs,  have  now  been  described.  The  very  essence  of  res- 
piration, however,  consists  in  this :  that  the  air  of  the  atmosphere 
brought  into  contact  with  the  blood  within  the  lungs  effects  certain 
changes  in  that  fluid  which  are  indispensable  to  the  maintenance  of 
life.  The  air  it  is  true  does  not  come  into  direct  contact  with 
the  blood  even  in  the  lungs,  but  is  separated  from  it  by  the  parietes 
of  the  pulmonary  cells  and  the  walls  of  the  blood-vessels.  The 
air,  however,  readily  penetrates  these  moist  tissues,  for  it  combines 
with  the  watery  fluid  which  permeates  them,  and  so  makes  its  way 
even  immediately  to  the  blood'^.  As  the  lungs  contain  air  at  all  times, 
the  influence  which  the  elastic  fluid  exerts  upon  the  blood  and  the  chan- 
ges which  the  blood  undergoes  are  not  connected  with  the  alternate  as- 
sumption and  rejection  of  so  much  air.  These  are  but  means  to  an 
end :  the  proper  respiratory  process,  or  that  process  for  which  inspira- 
tion and  expiration  are  instituted,  goes  on  incessantly .  Inspiration  and 
expiration  are  merely  provisions  for  changing  the  air,  which  must  be 
renewed  at  intervals,  longer  or  shorter,  if  the  object  of  respiration  is 
to  be  attained. — Before  entering  on  the  peculiar  chemical  processes 
that  occur  in  respiration,  in  other  words,  before  condescending  upon 
a  theory  of  respiration^  it  is  proper  that  we  inquire  into  the  changes 
which,  1st  the  atr,  and  Snd,  the  blood  experience  in  its  course^ 
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'^  Tbe  penetration  of  the  moist  parietes  of  the  air-cells  and  blood-vesselfl  is 
a  general  physical  phenomenon,  and  independent  of  any  peculiar  power  or  pro- 
perty inherent  in  the  lungs ;  any  moist  animal  membrane  without  or  within  the 
Uving  body  is  gradually  penetrated  by  the  air  of  the  atmosphere  and  other  gases. 
The  extensive  subdivision  which  the  blood  undergoes  in  the  minute  vessels  of 
the  lungs  is  obviously  calculated  greatly  to  assist  the  operation  of  the  air. 

'^  Besides  tbe  researches,  now  of  older  date,  of  Lavoisier  and  Seguin,  of  Sir 
Humphrey  and  Dr.  John  Davy,  of  Allen  and  Pepys,  and  others,  which  are  all 
highly  interesting  in  connection  with  the  subject  of  respiration,  the  inquiries  of 
MUller  (Physiology^  vol.  i.  p.  330),  deserve  to  be  particularly  consulted ;  so  also 
do  those  of  T.  W.  Bischoff,  {Comm,  de  novis  qtdbuMdam  expermentu  chemico-phy- 
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§  178.  The  earliest  accurate  researches  into  the  nature  ofrespi- 
ration  were  instituted  with  a  view  to  determine  the  changes  which 
the  air  experienced  in  passing  through  the  lungs,  and  our  informa- 
tion upon  this  part  of  the  function  may  be  said  to  be  pretty  full. 
The  air  of  the  atmosphere  consists,  as  is  well  known,  of  a  mixture 
of  the  azotic  and  oxygen  gases,  with  a  slight  addition  of  carbonic 
acid  and  of  hydrogen  gas :  100  parts  of  atmospheric  air  consist, 
according  to  the  latest  analyses,  very  constantly   of  79  parts  of 
azote,  and  £1  of  oxygen ;  the  admixtures  of  carbonic  acid  and  hydro- 
gen, on  the  contrary,  are  extremely  variable  in  amount;  the  carbonic 
acid  has  been  ascertained  to  vary   between  0,0008  and   1,0  per 
cent ;  the  hydrogen  may  amount  to  about  1  per  cent.     The  air  that 
18  expired  yields  very  nearly  the  same  quantity  of  azote  as  the  air 
that  is  inspired ;  but  it  contains  less  oxygen,  and  a  larger  quantity  of 
carbonic  acid,  and  also  of  hydrogen ;  it  likewise  contains  some  volatile 
organic  matters'*    The  quantities  of  the  oxygen  and  carbonic  acid 
in  the  air  have  altered  relatively  during  respiration  in  suchwise  that 
the  volume  of  the  oxygen  which  has  disappeared  is  rather  greater 
than  that  of  the  carbonic  acid  which  has  made  its  appearance.     Sir 
Humphrey  Davy  breathed  during  one  minute,  making  19  inspirations 
in  the  time,  161  cubic  inches  of  air,  which  in  100  parts  consisted  of 
72,7    azote,    26,3   oxygen   and   1,0  carbonic   acid;   and   during 
this  time  he  expired  162  cubic  inches  of  air,  of  which  100  parts 
contained  78,4  azote,  15,1  oxygen  and  11,6  carbonic   acid.     In 
this  experiment,  consequently,  if  we  disregard  the  disappearance 

^'o^ogtcis  ad  Hbutrandam  doctrmam  de  Resp^atione  mstiiutisj  Heidelb.  1S37;)  and 
of  6.  Magnus,  On  the  Gases  contained  in  the  Blood  (in  Poggendorff *s  AuiudeTij 
Bd.  40,  p.  588,  et  seq.  [Dr.  Dayy*s  more  recent  observations,  which  seem  to 
have  heen  conducted  with  consummate  care  and  skill,  were  made  since  those  of 
Bischoff  and  Magnus.  Dr.  Davy's  results  were  published  in  the  Philosophical 
Transactions  for  1838,  and  are  now  included  with  some  additions  in  his  Reseat' 
ehes.  Physiological  and  Anatomical^  2  vols.  8vo.  1839.  See  vol.  ii.  p.  135,  et  seq. 
R.W.] 

^  The  presence  of  volatile  organic  matter  in  the  breath  is  easily  demonstrated, 
by  the  following  simple  experiment :  breathe  several  times  into  a  clean  jar  or 
bottle  and  stop  it  close.  After  a  while  drops  of  water  are  deposited  on  the  sides 
which  is  limpid  and  clear  at  first,  but  which,  kept  for  some  time,  grows  turbid, 
begins  to  putrefy,  and  evolves  an  unpleasant  smell  of  su^huretted  hydrogen. 
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of  9  cubic  inches  of  air  and  a  slight  increase  of  azote,  it  appears 
that  from  the  respired  air  11,2  per  cent  of  oxygen  had  vanished 
and  10,5  per  cent,  of  carbonic  acid  had  appeared.  In  the  experi- 
ments of  Allen  and  Pepys  100  parts  of  expired  air  were  found  to 
consist  of  79  azote,  13  oxygen,  and  8  carbonic  acid ;  supposing  there- 
fore the  air  which  was  breathed  to  have  been  of  the  normal  constitu- 
tion, 8  per  cent  of  oxygen  had  disappeared  and  rather  more  than  8 
per  cent  of  carbonic  acid  had  been  evolved.  Like  results  were  come  to 
by  Dulong,  Despretz,  Lavoisier,  and  Seguin.  In  the  quantity  of 
the  absorbed  oxygen  and  of  the  added  carbonic  acid,  however,  the 
statements  of  the  different  observers  differ:  Davy  for  example  found 
that  the  quantity  of  the  added  carbonic  acid  amounted  to  from  3,95 
to  4,5  per  cent. ;  in  the  particular  experiment  quoted  above  it  was 
as  much  as  10,5  per  cent.  Allen  and  Pepys  state  it  at  from  8  to 
8,5  per  cent. ;  Berthollet  at  from  5,53  to  13  per  cent. ;  Menzies  at 
5  per  cent. ;  Prout  at  from  3,3  to  4,6  per  cent. ;  Murray  at  from 
6,2  to  6,5  per  cent.;  Fyfe  at  8,5  per  cent,  and  Irvine  at  10 per 
cent.*  The  mean  of  the  whole  of  these  observations  is  about  5,8 
percent.  If  we  presume  that  errors  had  crept  into  some  of  these  ex- 
periments, it  is  still  obvious  that  the  quantity  of  carbonic  acid  elimi- 
nated by  different  individuals  and  at  different  times  is  not  always  the 
same.  Prout,  whose  skill  in  observation  inclines  us  to  place  the  most 
implicit  reliance  on  his  results,  found  by  direct  experiment  that  the 
time  when  the  smallest  quantity  of  carbonic  acid  was  produced  was 
shortly  after  midnight ;  it  increased  towards  morning,  and  rose  con- 
tinually till  towards  midday,  when  it  attained  its  maximum ;  in  the  af- 
ternoon it  declined  again,  and  sank  continually  through  the  course  of 
the  evening  until  it  reached  its  minimum  about  midnight.  The 
formation  of  carbonic  acid  therefore  experiences  regular  fluctuations 
in  accordance  with  the  times  of  the  day.  Prout  observed,  farther, 
that  a  larger  quantity  of  carbonic  acid  was  produced  in  states  of 

[*  From  Dr.  Davy's  most  recent  observations,  it  would  seem  that  the  absoip- 
tion  of  oxygen  by  the  blood  is  influenced  by  the  season.  He  infers  that  the 
higher  the  atmospheric  temperature  and  the  less  the  necessity  fbr  the  pro- 
duction of  animal  heat,  the  less  difference  is  there  between  venous  and  arte- 
rial blood,  and  the  less  power  has  the  former  of  combining  with  oxygen,  and  of 
forming  or  evolving  carbonic  acid  gas.  See  his  Researches,  Physwiogkal  tad 
Anatomical,  vol.  ii.  p.  140.    R.  W.] 
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mental  tranquillity^  during  gentle  exercise  and  with  a  low  state  of 
the  barometer ;  and  that  on  the  contrary,  less  was  formed  under  the 
influence  of  active  exertion,  depression  ofmindandtheuse  of  spirit- 
uous liquors*  The  estimates  which  we  have  of  the  absolute  quantity 
of  carbonic  acid  eliminated  during  a  given  time  also  vary  greatly.  Ac- 
cording to  Lavoisier  and  Seguin,  the  quantity  formed  in  24f  hours 
amounts  to  8534  grains  French;  according  to  Davy  it  is  17811 
grains  English ;  according  to  Allen  and  Pepys  it  is  18612  grains 
English.  But  these  quantities  Berzelius  has  shown  are  far  too  great 
with  reference  to  the  quantity  of  food  consumed  in  the  same  inter- 
val of  time"'.  The  quantity  of  water  contained  in  the  expired  air 
amounts,  taking  the  mean  of  the  estimates  of  a  great  number  of  ob- 
servers, to  about  8000  grains,  or  one  pound  in  the  four-and-twenty 
hours*". 

^^  Berzelius  observes,  (Thierchemie^  3tte  Auf.  S.  124,)  that  upwards  of  six 
pounds  of  solid  aUment  daily  would  be  required  to  replace  this  loss  of  carbonic 
acid,  even  were  the  whole  of  the  carbon  of  the  food  to  be  eliminated  by  the 
lungs  in  the  shape  of  carbonic  acid,  and  none  to  pass  off  with  the  feces,  the  bile, 
the  urine,  &c. ;  which,  however,  is  very  far  from  being  the  case.  The  above 
quantities  must  therefore  be  looked  upon  as  exaggerated,  though  the  observa- 
tions themselves  may  be  perfectly  correct ;  the  error  probably  lies  in  the  reckon- 
ing ;  during  the  short  period  that  such  experiments  last— one  or  two  minutes — 
inspiration  and  expiration  are  almost  certainly  forced  or  exaggerated ;  the  air 
is  more  rapidly  changed,  and  more  carbonic  acid  is  eliminated  than  during 
ordinary  respiration.  The  indications  afforded  by  two  minutes,  under  such 
circumstances,  applied  to  the  whole  of  the  twenty-four  hours,  obviously  raise 
the  general  result  far  above  the  proper  standard. 

^  See  Mailer's  Physiology  by  Baly,  vol.  i.  p.  330.  The  statements  in  the 
text  refer  particularly  to  the  human  being ;  but  they  also  apply  very  closely  to 
animals  which  breathe  by  lungs,  with  this  difference,  that  in  cold-blooded  ani- 
mals the  quantities  of  oxygen  absorbed,  and  of  carbonic  acid  eliminated,  are 
relatively  smaller.  Dulong  found,  no  matter  what  animal  he  made  the  experi- 
ment upon,  that  there  was  rather  more  oxygen  absorbed  than  carbonic  acid 
evolved.  The  excess  in  graminivorous  animals  amounted  to  one-tenth,  in  car- 
nivorous creatures  it  was  from  one-fiflh  to  one-half^  more  than  the  carbonic  acid. 
Despretz  observed  the  same  thing.  Allen  and  Pepys,  on  the  other  hand,  found 
the  quantity  of  oxygen  that  disappeared,  and  of  carbonic  acid  that  was  generated, 
to  be  equaL  [The  oxygen  which  disappears,  is  used  up  in  the  combustion 
of  hydrogen,  the  product  of  which  is  watery  vapour.  R.  W.]  Treviranus 
and  Muller  instituted  comparative  experiments  upon  the  respiration  of  some 
of  the  lower  animals,  and  the  quantity  of  carbonic  acid  formed  in  a  given 
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Respiration  in  Oases  other  than  Atmospheric  Air, 

§  179.  With  a  view  of  obtaining  still  more  precise  information 
regarding  the  changes  induced  in  air  by  its  assumption  into  the  lungs, 
experiments  have  been  instituted  on  the  respiration  of  different 
kinds  of  gas.  These  experimentSi  however^  almost  necessarily 
extended  to  the  consideration  of  the  effects  which  breathing  differ- 
ent gases  produced  upon  the  organism ,  as  well  as  to  the  changes 
which  the  gases  suffered  in  the  process.  Wo  shall  therefore  here 
consider  the  two  together.  During  healthy  respiration  the  atmos- 
pheric air  that  supplies  the  lungs  is  constantly  changed.  If  this 
renewal  of  the  air  is  not  provided  for,  but  the  same  air  is  breathed 
over  and  over  again,  the  circumstances  attending  respiration  are  al- 
tered. In  the  same  proportion,  for  example,  as  the  oxygenous  con- 
tents of  the  air  diminish  and  the  carbonaceous  contents  increase, 
less  and  less  oxygen  is  absorbed,  less  and  less  carbonic  acid  is 
evolved ;  and  when  the  air  comes  to  have  a  certain  proportion  of 
carbonic  acid  mixed  with  it,  which,  from  the  experiments  of  Allen 
and  Pepys,  appears  to  be  10  per  cent.,  no  more  carbonic  acid  is 
formed,  and  the  elastic  fluid  no  longer  suffices  for  respiration,  al- 
though it  still  contains  something  like  10  per  cent,  of  oxygen.  A 
little  oxygen,  indeed,  continues  to  disappear,  but  the  respiration 

time,  contrasted  with  the  weight  of  the  animal,  from  which  it  iq>pear8  that 
maimnalB,  for  every  100  grains  of  their  weight,  produce  0,52  of  a  cubic  inch  of 
carbonic  acid  in  100  minutes ;  that  birds,  considered  in  the  same  way,  pro- 
duce 0,97  of  a  cubic  inch ;  that  amphibia,  (the  frog,)  still  considered  ii)  the 
same  way,  produce  0,05  of  a  cubic  inch.    The  respiratory  process  performed  by 
the  medium  of  water  is  precisely  the  same  as  that  which  goes  on  with  the  direct 
contact  of  air :  the  air  dissolved  in  the  water  comes  into  contact  with  the  blood 
which  circulates  through  the  gills,  and  oxygen  disappears  and  carbonic  acid  ^- 
pears  as  usuaL    Water  in  general  contains  from  5  to  5^  per  cent  of  its  bulk  of 
air  dissolved  in  it, — ^this  air,  however,  having  a  somewhat  greater  relative  pro- 
portion of  oxygen  than  the  fur  of  the  atmosphere,  oxygen  being  somewhat  more 
soluble  in  water  than  nitrogen.    We  have  very  admirable  researches  on  the  re- 
spiration of  fishes  by  A.  von  Humboldt  and  ProvenyaL    The  water  in  which  the 
fishes  were  put  in  these  experiments  contained  20,3  per  cent,  of  air,  which  in 
100  parts  consisted  of  29,8  oxygen,  66,2  azote,  and  4,0  carbonic  acid.    After 
having  been  used  for  respiration,  the  water  still  contained  17,6  per  cent,  of  air, 
which  consisted  in  100  parts  of  2,3  oxygen,  63,9  azote,  and  33,8  carbonic  acid. 
Here,  therefore,  oxygen  was  also  absorbed  and  carbonic  add  evolved. 
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becomes  laborious,  and  cannot  be  carried  on  without  imminent  risk 
of  suffocation  to  any  of  the  higher  animals.  This  is  the  source  of 
the  oppressive  sensation  experienced  when  many  persons  crowded 
together  in  a  limited  space,  continue  to  breathe  the  same  atmo- 
sphere. In  pure  oxygen  gas  respiration  goes  on  as  readily  as  in 
atmospheric  air,  but  a  feeling  of  uneasiness  and  of  exhaustion  is 
soon  experienced.  The  changes  produced  in  the  gas  are  of  the 
same  nature  as  when  the  common  atmospheric  air  is  breathed, — 
oxygen  disappears  and  carbonic  acid  is  engendered  ;  the  quantity 
of  the  latter,  according  to  Allen  and  Pepys,  being  however  greater 
than  under  ordinary  respiration, — it  amounts,  instead  of  8  percent., 
to  between  11  and  12  per  cent''^  The  same  experimenters  also 
found  that  azotic  gas  was  evolved  during  the  respiration  of  oxygen 
gas.  Nitrous  oxyde  gas,  (consisting  of  64  azote,  36  oxygen,) 
like  oxygen,  will  support  life  for  a  time,  but  it  produces  a  peculiar 
intoxicating  effect  upon  the  economy.  A  portion  of  the  gas  is 
dissolved  by  the  blood,  which  assumes  a  purple  red  colour ;  and  the 
face  and  hands,  in  consequence  of  this  change,  acquire  a  livid  and 
cadaverous  hue.  Azote  and  traces  of  carbonic  acid  are  found  in 
the  expired  nitrous  oxyde  gas.  Pure  azote,  although  it  can  be 
taken  readily  into  the  lungs,  and  is  not  at  all  poisonous,  is  quite  in- 
competent to  support  life ;  small  animals  immersed  in  it  therefore 
soon  die  asphyxiated.  Pure  hydrogen,  too,  can  be  breathed,  but 
will  not  support  life ;  it  is  either  without  effect  on  the  economy, 
or  exerts  a  soporific  influence.  The  experiments  of  many  inquir- 
ers, however,  have  shown  that  cold-blooded  animals,  such  as  frogs, 
can  exist  for  hours  in  pure  azote  and  hydrogen;  they  become 
asphyxiated  at  length,  and  are  apparently  dead,  but  if  not  kept  too 
long  immersed  in  the  gases,  they  recover  when  brought  into  contact 
with  the  air  of  the  atmosphere.  All  observers,  tooy  are  agreed  that 
these  animals  eliminate  carbonic  acid  when  confined  in  azote  and  hy- 
drogen**®. In  a  mixture  of  four  parts  hydrogen  and  one  part  (volume) 

'*^  Lavoisier  and  Seguin  ascertained  that  the  quantity  of  carbonic  add  gas 
produced  during  the  respiration  of  oxygen  was  not  greater  than  that  which,  un- 
der simiUr  circumstances,  was  evolved  by  breathing  atmospheric  air. 

'^  Spallanzani,  Collard  de  Martigny,  and  particularly  MOller,  Bergemann 
and  Bischofi^  were  the  contrivers  of  very  interesting  experiments  on  this  subject. 
Vide  MiiHer^ 8  Phynohgy^  and  the  work  of  Bischoff  akeady  quoted. 
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oxygen,  animals  were  found  by  Allen  and  Pepys  to  become  sleepy, 
without  any  prejudicial  effect  upon  the  health  appearing  to  ensue. 
Oxygen  disappeared  and  carbonic  acid  was  evolved  precisely  as 
when  atmospheric  air  was  breathed;  at  the  same  time,  however,  azote 
made  its  appearance,  and  in  such  quantity  too,  that  in  the  course  of 
an  hour  the  volume  eliminated,  equalled,  and  even  exceeded  by  a 
half  the  volume  of  the  animal  which  was  the  subject  of  experiment. 
Other  gases  are  true  poisons  to  the  economy, — carburetted,  phos- 
phuretted,  sulphuretted,  arseniuretted  hydrogen,  &c.  Air  that  con- 
tained no  more  than  xViTirth  of  its  bulk  of  sulphuretted  hydrogen 
was  sufficient  to  prove  fatal  to  a  bird :  i^th  destroyed  a  dog,  vivth 
killed  a  horse.  Some  gases  inspired  in  a  state  of  purity,  or  but 
little  diluted,  induce  spasm  and  complete  closure  of  the  glottis,  and 
consequent  death ;  more  largely  diluted,  they  excite  violent  cough. 
To  this  list  belong  chlorine,  the  vapour  of  iodine,  nitric  oxyde,  am- 
moniacal  gas,  fluoboric  and  fluosilicious  gas,  and  the  greater  number 
of  the  strong  acid  vapours,  such  as  those  of  nitric  acid,  sulphuric  and 
sulphurous  acid,  succinic  acid,  &c.  &c. 

The  greater  number  of  the  particulars  related  in  the  preceding 
paragraph  have  been  made  known  to  us  through  the  admirable  re- 
searches of  Sir  Humphrey  Davy. 

CHANGES  PRODUCED    IN  THE  BLOOD  BY  RESPIRATION. 

Distinction  between  Venous  and  Arterial  Blood, 

§  180.  The  changes  which  the  blood  undergoes  by  respiration  can- 
not be  immediately  observed ;  we  have  hitherto  been  obliged  to  ex- 
amine the  blood  as  it  was  proceeding  to  the  lungs  and  as  it  was 
coming  from  them ;  and  have  then  concluded  that  any  manifest  differ- 
ence between  the  two  is  the  effect  of  the  exposure  it  has  undergone 
in  these  organs.  The  differences  between  venous  and  arterial  blood 
are  these  :  venous  blood  is  of  a  deep  or  black-red  colour ;  arterial 
blood,  on  the  contrary,  is  of  a  bright  or  florid  red.  This  alteration 
of  colour  in  the  blood  takes  place  visibly  in  the  lung,  and  in  conse- 
quence of  the  action  of  the  atmospheric  air.  Even  out  of  the  body 
venous  blood  exposed  to  the  air  assumes  a  bright  red  colour 
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The  change  from  the  deep  dusky  to  the  bright  red,  bears  reference,  we 
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The  dark  coloured  lilood,  as  contained  in  the  pulmonary  artery,  in 
relation  to  its  solid  constituents,  is  somewhat  more  watery  than  aortic 
arterial  blood ;  the  blood  consequently  loses  a  little  water  in  the  lungs'*** 
Albumen,  extractive  matters,  salts  and  fat,  ex  ist  in  both  kinds  of  blood 
in  like  quantity.  Arterial  blood  contains  more  fibrine  than  venous 
blood ;  it  also  coagulates  more  quickly,  and  forms  a  firmer  and  more 

naturaUj  conclude,  to  the  colouring  matter  of  the  blood, — ^the  hsematin.    But 
whether  this  principle  suffers  any  chemical  change  or  not,  is  unknown.  Michaelis 
subjected  the  colouring  matter  of  arterial  and  of  venous  blood  to  a  compara- 
tive elementaxy  analysis,  and  found  that  the  arterial  contained  more  oxygen  and 
less  carbon  than  the  venous.     But  this  analysis,  however  probable  its  results, 
mast  when  critically  examined  be  held  as  inconclusive.     It  is  impossible,  for 
example,  at  the  present  time,  to  separate  the  colouring  matter  of  the  blood  from 
its  other  principles  and  be  quite  certain  that  it  had  suffered  no  change  in  the 
process  of  separation ; — it  were  not  too  much  to  maintain  that  the  alterations 
impressed  by  the  most  careful  chemical  analysis  must  be  much   greater  than 
those  which  take  place  in  the  delicate  process  of  respiration.     The  brighter 
colour  of  arterial  blood  has  been  supposed  to  be  connected  with  the  evolution 
of  carbonic  acid,  which  is  well  known  to  occur  in  the  course  of  the  respiration 
(see  the  fi>llowing  paragraphs)  ;  but  this  view  is  not  tenable ;  for  arterial  blood 
itself  contains  carbonic  acid,  and  venous  blood,  which  has  been  shaken  up  with 
hydrogen  gas,  and  thus  freed  from  the  greater  part  of  its  carbonic  acid,,  still 
remains  deep -coloured, — ^it  becomes  a  little  brighter,  indeed,  but  not  nearly  so 
bright  as  arterial  blood.    As  venous  blood  only  acquires  the  florid  red  of  arte- 
rial blood  in  those  gases  or  mixtures  of  gases  which  contain  oxygen,  it  is  pro- 
bable that  the  change  of  colour  which  occurs  in  respiration  is  connected  with 
the  absorption  of  oxygen  as  well  as  the  elimination  of  carbonic  acid.     It  must 
not  be  forgotten,  however,  that  many  of  the  neutral  salts, — common  salt,  nitre, 
sal  ammoniac,  &c.,  added  to  the  deepest  coloured  venous  blood,  give  it  in  an 
mstant  the  bright  hue  of  arterial  blood.     [Dr.  Davy  observed  that  venous  blood 
does  not  acquire  the  arterial  hue  when  deprived  of  carbonic  acid  by  the  air-pump, 
and  that  the  same  blood  becomes  scarlet  from  the  absorption  of  oxygen  without 
the  disengagement  of  any  carbonic  acid ;  he  also  found  that  venous  blood  as- 
sumed the  scarlet  colour  when  agitated  with  a  mixture  of  carbonic  acid  and 
oxygen  gas,  and  when  it  absorbed  a  relatively  much  larger  quantity  of  the  former 
than  of  the  latter.    Dr.  Davy  explained  the  effect  of  the  neutral  salts  in  bright- 
ening the  blood  on  the  principle  of  their  producing  a  separation  among  the  red 
particles.     Researches,  &c.  vol.  ii,  p.  176  and  178.    R.  W.] 

^^  That  aortic  blood  must  contain  rather  less  water  than  pulmo-arterial  blood, 
is  made  probable,  a  priori^  by  the  fact  of  the  watery  vapour  which  is  always 
given  off  in  the  expired  air.  Direct  experiment  has  confirmed  this  suspicion. 
Prevost  and  Dumas  always  found  the  dark  coloured  blood  of  the  right  side  of 
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Sheep  (Ewe  ?) 

16,36 

83,04 

Cat     ...     . 

17,41 

82,59 

19,08 

80,92 

Sheep  (Wether; 

16,36 

83,64 
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consistent  coagulum  than  venous  blood.     But  whether  these  differ- 
ences depend  on  respiration  or  on  another  cause,  is  yet  un&scertain- 

the  heart  to  contain  more  water  than  the  hright  coloured  blood  of  the  left  aide, 
as  the  following  Table  makes  manifest : — 

Blood  of  the  pulmonary  ar-      Blood  of  the  pulmonary  veins  or 
teiy,  (venous  blood.)  aorta  (arterial  blood). 

Solids.  Water.  Solids.  Water. 

17,07  82,93 

17,65  82,35 

19,62  79,38 

17,07  82,93 

Lecanu  found  the  same  relations  in  the  horse,  in  arterial  blood  :  solids,  216,17; 
water,  783,83 ;  in  venous  blood :  solids,  204,320,  water,  795,679.  In  another 
experiment  the  same  inquirer  found  in  arterial  blood  :  solids,  214,5  ;  water,  785,5 ; 
in  venous  blood :  solids,  195,45 ;  water,  804,55.  (Lecanu,  Etudes  chmiques  «r 
le  Sang^  p.  77.)  Denis  and  others,  on  the  contrary,  could  detect  no  determinate 
difference,  in  respect  of  watery  and  solid  constituents,  between  arterial  and  veDoos 
blood.  [The  inquiries  of  Dr.  John  Davy,— one  of  the  most  accurate  observers 
and  conscientious  recorders  of  facts  that  ever  lived — deserve,  nay  require  par- 
ticular mention  in  this  place,  for  I  cannot  myself  help  regarding  this  question  of 
the  relative  proportion  of  water  and  of  solid  ingredients  in  the  out-going  and  in- 
coming currents  of  blood  as  one  oPthe  most  important  in  physiology.  The  ex- 
periments of  Prevost  and  Dumas  must  have  been  made  on  the  blood  of  the  right 
and  left  sides  of  the  heart,  and  the  results  they  state  are  such  as  might  have  been 
expected :  the  blood  entering  the  right  side  of  the  heart  has  just  received  the 
whole  of  the  supply  of  water  which  is  to  be  employed  in  the  varied  processes  of 
the  economy,  almost  every  one  of  which  implies  the  expenditure  of  some  portion 
of  this  fluid ;  the  very  first  operation  to  which  the  blood  in  commencing  its 
circuit  is  subjected— exposure  in  the  lungs — robs  it  on  an  average  of  some  sixteen 
or  seventeen  ounces  of  water  in  the  course  of  the  four-and-twenty  hours,  and  the 
returning  current,  the  bright  coloured  but  venous  blood  with  reference  to  the 
lesser  circulation,  must  contain  this  amount  of  water  less  than  the  out-going 
stream,  here  the  darker  but  arterial  blood.  The  proportions  of  watery  and  solid 
constituents  in  the  two  kinds  of  blood  belonging  to  the  systemic  circuktion, 
stand  in  the  same  relation  to  one  another  as  they  do  in  the  pulmonic ;  the  out- 
going stream  is  the  more  watery,  the  in-coming  stream  the  more  dense  up  to  the 
moment  of  its  being  joined  by  the  thoracic  duct, — ^the  seturnimo  cubebnt  or 
Biiooi)  IS  IS  VARIABLY  THE  MOBS  DENSE.  The  blood  of  the  BOTta,  iu  fact,  begins 
to  lose  water  almost  immediately,  and  it  is  quite  obvious  that  the  sti^am  which 
has  supplied  the  watery  elements  of  the  urine  and  the  perspiration,  as  well 
sensible  as  insensible,  in  particular,  must  be  robbed  of  water  by  the  whole 
amount^  that  fluid  which  these  excretions  contain :  the  blood  which  passes 
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ed'^.  Whether  there  be  any  difference  in  the  temperature  of  arterial 
and  venous  blood  is  a  point  not  yet  quite  settled  among  observers : 

through  the  emulgent  veins  in  the  course  of  twenty-four  hours,  must  con- 
tain from  40  to  60  ounces  of  water  less  than  the  blood  of  the  emulgent  arteries; 
for  this  is  the  quantity  of  urine  daily  discharged ;  the  capillary  veins  of  the 
skin  must  transmit  on  an  average  about  33  ounces  of  water  less  than  the 
c^illary  arteries  which  feed  the  sudoriparous  glands,  for  33  oxmces  are  on  an 
average  the  quantity  of  watery  vapour  eliminated  daily  by  the  skin.  The  excel, 
lent  observations  of  Dr.  John  Davy  are  in  complete  accordance  with  these 
statements ;  on  no  occasion  did  he  find  the  systemic  venous  blood  of  lower  den- 
sity than  the  arterial ;  on  the  contrary,  the  venous  blood  was  almost  uniformly 
of  greater  density  than  the  arterial,  as  the  following  tabular  view  will  make 
manifest : — 

TABLE  of  the  speciftc  gravity  of  Blood,  Venous  and  Arterial,  extracted 
firom  Dr.  Davy's  Physiological  and  Anatomical  Researches^  vol.  ii. 
p.  M. 


Animal. 

Age. 

Arterial 
blood. 

Venous 
blood. 

Sheep 

Do. 

Do. 

Do. 

Do. 
Lamb 

Do. 

Do. 

Do. 

Do. 
Ox 
Calf 
Dog 

6  years 
16  months 

do. 

3  years 

11  weeks 

do. 

do. 

do. 

do. 

1050 
1057 
1049 
1047 
1047 
1052 
1046 
1054 
1050 
1047 
1058 
1040 
1048 

1056 
1058 
1051 
1050 
1051 
1055 
1057 
1054 
1053 
1050 
1061 
1046 
1053 

Mean  of  all  the 
observations 

1050 

1053 

For  an  explanation  of  the  efiects  which  these  different  densities  of  the  blood 
exert  on  nutrition  generally,  and  on  secretion,  see  my  Annotation  to  §  218—23. 
Chap.VL    R.  W.] 

'^'  That  arterial  blood  contains  more  fibrine  than  venous  blood,  seems  to  be  a 
point  very  generally  agreed  upon  by  observers — Lecanu,  Prevost  and  Dumas, 
Denis,  Letellier,  &c.  The  difference  probably  depends  on  some  portion  of  the 
fibrine  being  separated  in  the  capillaries,  and  employed  for  the  purpose  of  nutr|- 
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Irvine  held  that  the  two  kinds  of  blood  were  of  the  same  temperature 
(31°  R.  101,8°  F.);Krimer,  Schwenker,  Scudamore,  Dr.  Davy,  [and 
Becquerel  and  Breschet,]  found  arterial  blood  from  1°  to4*  F.  high- 
er than  venous;  and  Cooper,  Coleman>  and  Martin,  on  the  contrary, 
found  the  arterial  blood  of  lower  temperature  than  the  venous.  Up- 
on a  variety  of  other  important  topics,  such  as  the  capacity  for  calo- 
ric of  the  two  kinds  of  blood,  their  electricity,  the  relation  of  the  co- 
agulum  to  the  serum,  the  density  of  theserumi  [see  Amiot.  218,  p. 
365]  &c.,  the  statements  of  observers  differ  considerably,  from 
which  we  may  infer  that  in  these  respects  there  are  no  constant 
differences  between  the  two  kinds  of  blood*^.  According  to  several 
French  chemists  and  physiologists — Prevost  and  Dumas,  Denis, 
Lecauu,  &c., — arterial  blood  contains  a  larger  quantity  of  blood-cor- 
puscles than  venous  blood;  but  this  idea  is  far  from  being  proved; 
for  we  are  yet  without  any  ready  or  certain  means  of  determining 
the  quantity  of  corpuscles  in  a  given  measure  of  blood. 

$  181.  The  blood  contains  a  variety  of  gases  in  solution.   These, 

tion ;  in  many  diseases,  particularly  in  inflammations,  the  separation  of  fibrine 
from  the  capillary  vessels  is  an  object  of  immediate  observation.  Part  of  the 
lost  fibrine  is  undoubtedly  returned  to  the  blood  by  the  thoracic  duct ;  whether 
fibrine  be  formed  in  the  lungs  during  respiration,  perhaps  by  a  change  in  the 
albumen,  has  not  been  demonstrated,  though  it  has  been  suspected. 

1*944  'p^g  experiments  requisite  to  demonstrate  most  of  the  points  here  mention- 
ed are  of  the  most  delicate  kind ;  so  delicate  that  I  cannot  fancy  any  one  authorized 
to  conclude  that  there  is  no  constant  difference  in  reference  to  each  of  them 
between  venous  and  arterial  blood.  Every  principle  of  analogy  would  lead  us  to 
infer  that  there  was  a  difference,  variable,  probably,  as  between  the  arterial  and 
venous  blood  of  one  animal  and  another,  constant,  as  between  the  venous  and 
arterial  blood  of  the  same  animal.  The  observations  of  Dr.  Davy,  indeed,  to 
select  one  point,  show  most  clearly  that  in  sheep  and  lambs,  the  blood  of  the 
carotid  artery  is  of  higher  temperature  than  the  blood  of  the  jugular  vein,  and 
that  in  the  same  animals  the  blood  of  the  left  ventricle  is  warmer  than  the  blood 
of  the  right  ventricle,  a  conclusion  that  has  been  confirmed  by  the  very  recent 
experiments  of  Messieurs  Becquerel  and  Breschet.  The  opposite  result  ob- 
tained by  Colenmn  and  Cooper  Dr.  Davy  cannot  account  for,  unless  on  the 
supposition  of  its  being  connected  with  the  mode  in  which  the  animals  they 
experimented  on  were  kiUed,  namely,  by  asphyxia ;  for  in  many  instances  he 
found  that,  when  the  right  ventricle  was  distended  with  blood  (as  it  generally 
is  in  asphyxia)  there  was  but  little  difference  of  temperature  between  the  two 
sides  of  the  heart.  Researches^  Physiol,  and  Anat,  vol.  i,  p.  147  ct  seq.  and  211 
et  seq.     R.  W.] 
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as  Magnus  has  shown,  are  oxygen,  azote  and  carbonic  acid.  The  ab- 
solute quantity  of  these  gases  which  circulate  dissolved  in  the  blood 
has  not  yet  been  accurately  ascertained,  for  they  axe  expelled  from 
it  only  with  extreme  difficulty ;  it  would  however  appear  to  be  con- 
siderable ;  the  quantity  of  carbonic  acid  alone  may  sometimes  amoimt 
to  j-th  of  the  volume  of  the  blood.  The  two  kinds  of  blood  are  es- 
sentially distinguished  by  the  quantitative  relations  of  the  different 
gases  which  they  severally  contain.  Arterial  blood  always  contains 
more  oxygen  and  less  carbonic  acid  than  venous  blood ;  venous  blood, 
on  the  contrary,  more  carbonic  acid  and  less  oxygen  than  arte- 
rial blood.  The  azote  appears  to  be  in  equal  quantity  in  both  kinds 
of  blood'^. 

'^  These  conclumons  are  principally  based  upon  the  excellent  experiments  of 
Magnus  (Poggendorff*s  Anfuden^  Bd.  40,  S.  583),  whose  name  is  security  enough 
for  their  accuracy.  Earlier  notices  of  the  gaseous  contents  of  the  blood  are 
extremely  contradictory ;  Brande,  A.  Vogel  and  Dayy,  believed  that  they  had 
extracted  carbonic  acid  from  the  blood  under  the  exhausted  receiver  of  the  air- 
pump  ;  Hoffmann  and  Stevens  found  that  venous  blood  shaken  up  with  hydrogen 
gave  off  carbonic  acid,  and  W.  Bischoff  ascertained  that  the  blood  contained  car- 
bonic add  in  the  shape  of  gas.  According  to  other  excellent  chemists,  on  the 
contrary — ^Dr.  John  Davy,  Mitscherlich,  Tiedemann  and  Gmelin — ^no  gaseous 
fluid  was  given  off  by  the  blood  whether  it  was  exposed  to  heat,  or  placed  under 
the  exhausted  receiver  of  an  air-pump.  The  common  and  prevalent  opinion  now 
therefore  came  to  be,  that  the  blood  in  general  contained  no  gases  in  appreciable 
quantity.  But  Magnus  demonstrated  that  the  blood  always  contained  gases, 
which  could  both  be  driven  off  from  it  by  the  agency  of  other  gases,  and  ex- 
tracted by  means  of  the  air-pump.  He  has  also  given  a  plausible  explanation 
of  the  reason  why  the  experiments  of  the  chemists  last  mentioned  gave  a  nega- 
tive result :  exposed  to  heat  the  albumen  of  the  blood  coagulates,  entangles  the 
air,  and  so  hinders  its  escape ;  and  under  the  air-pump  the  gases  of  the  blood  do 
not  begin  to  escape  untU  the  column  of  merciiry  has  sunk  under  an  inch  in 
height.  In  his  experiments  Magnus  obtained  the  following  results,  which,  for 
the  sake  of  rendering  comparison  more  easy,  I  have  reduced  to  per  centages. 

1.  The  blood  of  a  horse : 

Arterial  blood  contained  7,8  per  cent  of       Venous  blood,  contained  of  gases 
its  volume  of  gases ;  these  consisted  of       a)  6  per  cent.        b)  7,3  per  cent. 

Carbonic  acid  55,1  72,1  70,4 

Oxygen  19,3  18,9  17,6 

Azote  25,6  9,0  12,0 

100,0  100,0  100,0 
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Final  effects  of  Respiration — Theory  of  Respiration* 

%  182.  After  having  considered  the  various  changes  that  take 
place  in  the  blood  and  in  the  air  during  respiration,  we  now  ask  what 
happens  in  the  course  of  the  respiratory  process  ?  This  question  we 
shall  answer,  in  so  far  as  it  can  be  answered  in  the  present  state  of 
our  knowledge^  without  reference  to  the  numerous  hypotheses  that 
have  been  broached  in  connection  with  the  theory  of  respiration,  and 
which  have  for  the  most  part  been  definitively  set  aside*^.    The 

2.  The  blood  of  another  very  aged  but  healthy  horse  contained : 

Arterial.  Venous. 

1)  12,5  per  cent,  gases.  2)  8,3  per  cent,  gases  11,1  percent,  gases. 

Carb.  acid  65,6  68,6  65,6 

Oxygen      25,2  21,6  13,2 

Azote  9,2  9,8  21,2 


100,0                                  100,0  100,0 

3.  The  blood  of  a  calf  contained : 

Arterial.  Venous. 
1)  11,8  per  cent,  gases.     2)  11,7  per  cent      1)  8,7  per  cent.      3)  6fi  per  cent 

64,8                         55,5  76,7                    79,3 

24,1                          23,8  13,5                    12,9 

11,1                         20,7  9,8                     7,8 


100,0  100,0  100,0  100,0 

These  results  exhibit  nothing  like  a  complete  accordance,  which,  however,  was 
hardly  to  be  expected ;  for  it  is  impossible  to  extract  the  whole  of  the  gases  from 
the  blood ;  but  it  is  quite  certain  that  the  relative  quantity  of  oxygen  to  that  of 
carbonic  acid  is  regularly  greatest  in  arterial  blood.  [Using  an  air-pump  of 
great  excellence,  and  constructed  especially  for  the  purpose,  Dr.  Davy  has 
recently  satisfied  himself,  in  spite  of  a  pre-existing  bias,  that  gas  is  frequently 
though  not  invariably  disengaged  both  irom  venous  and  arterial  blood  m  vacuo. 
Besearckes^  PhysioL  and  Anat,  vol.  ii,  p.  153  et  seq.    R.  W.] 

^^  It  may  not  be  amiss  briefly  to  recapitulate  the  principal  views  which  have 
been  entertained  with  regard  to  the  processes  occurring  in  respiration,  although 
they  are  now  only  of  consequence  as  matters  of  history.  Davy  conceived  that 
the  carbonic  acid  evolved  in  respiration  was  formed  in  the  lungs,  the  oxygen  of 
the  inspired  air  combining  with  the  carboniferous  element  of  the  blood,  which 
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venous  or  dark  coloured  blood  which  is  thrown  into  the  lungs  con- 
tains certain  gases  in  solution,  consisting  of  a  large  proportion  of 
carbonic  acid,  a  little  oxygen,  and  less  azote.  In  the  lungs  the  blood 
is  brought  into  mediate  contact  with  the  air,  and  in  conformity  with 
the  physical  laws  that  regulate  the  absorption  or  penetration  of 
the  gases,  it  gives  off  a  portion  of  its  carbonic  acid  gas,  and  instead 
of  this  absorbs  a  portion  of  atmospheric  air,  or  as  it  appears^  of 
the  oxygenous  element  of  this  in  particular.  Simultaneously 
with  this  exchange  of  its  gaseous  contents,  the  blood  alters  the 
dark  red  for  the  bright  red  colour,  in  virtue  of  some  not  yet 
thoroughly  understood  process ;  it  may  be  in  consequence  of  the 
simple  absorption  of  oxygen,  it  may  be  in  consequence  of  a  chemi- 

the  blood-corpuscles  were  held  to  be.  But  when  it  was  found  that  rather  more 
oxygen  was  absorbed  than  there  was  carbonic  acid  evolved,  this  view  was  modi- 
fied, and  it  was  now  maintained  either  that  the  superfluous  oxygen  united  with 
hydrogen  in  the  blood  and  formed  water,  or  remained  in  combination  with  the 
blood-corpuscles.  These  are  the  views  that  have  been  currently  entertained 
most  recently.  According  to  the  old  notions  of  Lavoisier,  which  were  adopted 
by  Prout,  the  blood  gave  off  carbon  and  hydrogen,  which  combined  with  the  oxygen 
of  the  air  in  the  cells  of  the  lungs,  and  so  becoming  carbonic  acid  and  water, 
were  expelled.  Tiedemann  and  Gmelin,  and  Mitscherlich,  held  that  venous 
blood  contained  a  larger  quantity  of  the  carbonates  than  arterial  blood,  and  they 
imagined  that  some  portion  of  these  carbonates,  decomposed  by  the  acetic  [lactic] 
add,  which  they  believed  to  be  produced  during  respiration,  gave  rise  to  the 
carbonic  acid  of  the  expired  air.  All  these  theories  had  of  course  to  be  aban- 
doned when  it  was  ascertained  that  venous  blood  contained  free  carbonic  acid, 
and  arterial  blood,  on  the  contrary,  free  oxygen,  in  its  constitution,  and  that 
the  quantity  of  carbonic  acid  present  in  venous  blood,  a  certain  measure  of  which 
in  harmony  with  universal  physical  laws  must  be  separated  during  respiration, 
was  also  competent  to  account  for  the  whole  of  that  which  appeared  in  the  ex- 
pired air.  Now  Magnus  has  demonstrated  the  whole  of  these  facts  satisfactorily 
(Poggendorff  *8  Aimaien^  B.  40).  In  a  minute  the  quantity  of  carbonic  acid  gas 
expired  by  a  man  amounts,  on  the  highest  estimate,  to  about  13  cubic  inches.  In 
the  same  time  from  5  to  10  pounds  of  blood  pass  through  the  lungs ;  consequent- 
ly every  pound  of  blood  must  give  off  from  1,3  to  2,6  cubic  inches  of  carbonic 
acid  gas.  But  we  know  that  venous  blood  contains  at  least  one-fifth  of  its  bulk 
of  carbonic  acid ;  a  pound  of  blood,  consequently,  which  measures  about  25 
cubic  inches,  must/contain  at  least  5  cubic  inches  of  carbonic  acid ;  each  pound 
of  blood  circulating  through  the  lungs,  therefbre,  has  only  to  part  with  from  1,3 
to  2,6  cubic  inches  of  carbonic  acid  in  changing  from  venous  into  arterial,  which 
it  will  readily  do,  in  order  to  afford  the  whole  of  the  carbonic  acid  that  makes 
its  appearance  in  the  expired  air. 
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cal  combination  occurring  between  this  and  the  colouring  matter. 
The  blood  loses  farther  a  portion  of  its  watery  contents  in  the  lungs, 
which  are  exhaled  in  the  form  of  vapour  dissolved  in  the  compari- 
tively  drier  air  inspired.  But  in  its  principal  constituents — ^in  their 
quality,  in  their  quantity,  with  the  single  exception  of  the  colour- 
ing matter — the  blood  in  its  passage  through  the  lungs  suffers  no 
essential  change ;  it  only  loses  a  portion  of  the  carbonic  acid  gas, 
which  it  had  probably  acquired  in  the  capillary  vessels,  and  in  place 
of  this  absorbs  a  certain  proportion  of  oxygen  (and  of  azote  ?)  which 
is  in  its  turn  exchanged  in  the  capillaries  by  some  process  that  has 
hitherto  escaped  our  scrutiny,  for  carbonic  acid.  The  lungs  do  not 
therefore  appear  to  be  as  they  have  so  commonly  been  held,  the 
source  and  centre  of  animal  heat. 


CHAPTER  V. 

Of  Secretion. 

Preliminary  Considerations. 

§  183.  That  portion  of  the  blood  which  is  distributed  to  all  parts 
of  the  body  to  supply  elements  for  their  growth  or  maintenance,  and 
which  still  remains  within  the  circuit  of  the  circulation,  or  returns 
to  this  again  by  means  of  the  veins  and  lymphatics,  is  altered  in 
a  variety  of  ways,  and  some  of  its  elements  are  separated  in  peculiar 
organs.  The  organs  bj  which  such  separations  are  effected  are  call- 
ed secreting  organs,  and  the  matters  separated  are  spoken  of  as 
secreted  fluids  f  or  simply  as  secretions.  A  distinction  has  been  made 
between  those  secretions  that  are  produced  with  an  ulterior  view, 
as  means  to  other  functions  of  the  economy,  such  for  example  as 
the  saliva,  the  gastric  juice,  the  seminal  fluid,  &c.,  and  those  that 
are  immediately  rejected  from  the  organism,  no  farther  use  being 
made  of  them,  such  for  example  as  the  urine,  the  perspiration,  &c. 
Fluids  of  the  first  kind  are  regarded  more  peculiarly  as  secretions, 
and  are  so  designated ;  those  of  the  second  kind,  again,  are  vexy 
commonly  spoken  of  as  excretiomP^'^ . 

*♦''  The  diBtiDction  between  secretion  and  excretion  has  also  been  imagined 
differently,     MOller,  for  instance,  applied  the  title  excretion  in  cases  where  the 
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Farieties  of  Form  in  which  Secreting  Organs  present  themselves. 

§  184.  In  their  simplest  forms  the  secreting  organs  of  animals 
are  structures  composed  of  cells  or  fibres  (modified  cells),  on  the 
outer  surface  of  which  blood-vessels  expand,  and  through  the  parietes 
of  which  fluids  transude,  penetrate  the  parenchyma,  there  undergo 
change,  and  distil  from  the  side  of  the  membrane  opposite  to  that 
on  which  the  blood-vessels  ramify,  in  the  shape  of  peculiar  pro- 
ducts. In  general,  however,  secreting  organs  are  not  constructed 
so  simply  ;  the  membranous  layer  or  proper  parenchyma  thickens, 
consists  of  a  multiplicity  of  layers  of  cells,  undergoes  inversion,  and 
forms  blind  sacs,  canals,  and  vesicles,  associated  in  the  most  divers 
ways,  generally  clustered  together  and  connected  into  particular 
compact  organs  by  means  of  the  blood-vessels  which  are  distributed 
to  them,  and  the  cellular  membrane,  which  penetrates  everywhere. 
In  these  circumstances  the  secreting  organ  is  called  a  gland,  or,  in 
contradistinction  to  the  bodies  of  glandular  structure,  but  which 

constituents  as  such  were  already  present  in  the  blood,  and  have  only  been  sepa- 
rated from  it  by  the  appropriate  organs.  To  this  division  he  refers  urine  and 
perspiration.  The  word  secretion^  again,  he  uses  in  cases  where  matters  are 
prepared  which  cannot  be  supposed  to  be  separated  from  the  blood,  in  as  much 
as  they  did  not  exist  there  previously,  but  which  must  be  engendered  from  the 
proximate  principles  of  this  fluid  by  a  chemical  process — such  fluids  as  the  bile, 
the  milk,  the  semen,  for  example.  Vide  his  Physiology  by  Baly,  vol.  i.  p.  429. 
This  determination  of  the  meanings  to  be  attached  to  the  words  secretion  and 
ezcretion  would  be  excellent,  were  the  premises  upon  which  it  is  founded  in- 
disputable. But  this  is  very  far  from  being  the  case.  Urea  was  long  sought 
for  in  vain  by  chemists  in  normal  blood,  until  it  was  very  lately  discovered  by 
Marchand  (vide  §  100)  ;  it  had  hitherto  been  a  question,  therefore,  whether  urea 
was  not  a  compoimd  produced  by  the  kidney.  We  know  for  certain,  indeed, 
that  a  large  quantity  of  urea  is  present  in  the  blood  after  the  extirpation  of  the 
kidneys.  [The  same  thing  occurs  also  in  cases  of  a  peculiar  class  of  diseases  of 
these  organs — in  granular  degeneration,  in  the  altered  kidney  that  follows  scarla- 
tina, and  in  ischuria  renalis.  The  colouring  matter  of  the  bile  at  all  events  is  not 
formed  in  the  liver ;  for  we  have  evidence  of  its  constant  presence  in  the  blood 
in  the  phenomena  that  accompany  the  disappearance  of  the  effused  blood  in 
every  case  of  simple  bruise ;  and  the  worst  form  of  jaundice  is  not  that  in  which 
the  biliary  ducts  are  obstructed,  but  that  in  which  the  gall  ducts  contain  no  bile, 
the  liver,  struck  with  paralysis  apparently,  having  ceased  entirely  from  its  secret- 
ing function,  the  consequence  of  which  is,  an  accumulation  of  the  elements  of  the 
bile  within  the  system,  and  death  by  poisoning.  Bile  I  hold  to  be  just  as  cer- 
tainly as  urea  one  of  the  products  of  the  chemistry  which  goes  on  in  every  part 
of  the  living  body ;  the  liver  is  merely  the  organ  with  which  the  elements  of  bile 
are  in  relation  and  by  which  they  arc  eliminated.    R.  W.] 

2  N 
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have  no  excretory  duct,  and  are  named  blood-glands^,  it  is  designat- 
ed a  secreting  glancP^^ ;  in  general  it  is  spoken  of  merely  as  a  gland. 
§  185.  In  the  most  comprehensive  sense  of  the  expression,  the 
cellular  membrane  might  be  regarded  as  the  simplest  and  most 
widely  spread  secreting  organ  of  the  body ;  for  it  is  undoubtedly 
an  organ  in  which  certain  separations  from  the  blood,  such  (^ 
pigment  and  fat,  take  place.  But  the  cellular  tissue  is,  in  fact,  no 
more  than  the  bond  of  union  between  the  peripheral  vascular  system 
and  the  efficient  tissues  of  the  secreting  organs.  The  fluids  and 
matters  which  we  sometimes  observe  contained  within  its  inter- 
stices are  always  connected  with  pathological  conditions,  0.^.  the  in- 
filtration of  albuminous  fluid,  which  occurs  in  dropsies,  &c.  The 
fat  and  pigmentary  cells  are  properly  neither  mere  deposited  mat- 
ters nor  true  secreting  organs ;  but  rather  simple  cellular  produc- 

^^  Among  the  blood-glands  are  reckoned  the  spleen,  thymus,  thyroid  and 
8upra*renal  capsules,  the  functions  of  which  are  unknown.  They  consist  of  a 
peculiar  substance,  or  parenchyma,  and  numerous  blood-vessels.  In  aU  proba- 
bility they  produce  some  change  in  the  constitution  or  composition  of  the  blood 
distributed  to  them,  they  appear  one  and  all  to  be  only  of  subordinate  importance 
in  the'animal  economy,  as  has  been  already  stated  in  regard  to  the  ^leen  in  par- 
ticular (§  142).  The  thymus  attains  its  highest  development  during  the  earliest 
period  of  infancy,  or  during  the  suckling;  and  from  this  time  forward  it  begiiis 
to  shrink  till  it  disappears  more  or  less  completely  about  the  age  of  puberty. 
[According  to  Mr.  Gulliver^s  observations,  the  pulp  of  the  supra-renal  glands 
is  chiefly  composed  of  most  minute  oil-like  molecules,  which  may  be  truenucleoE 
ready  to  be  carried  into  the  circulation,  and  such  molecules  he  has  actually  some- 
times found  in  the  blood  of  the  supra-renal  vein,  which  he  accordingly  supposes 
may  serve  as  the  efferent  duct  of  the  gland.  The  thymus  he  regards  as  a  spe. 
cial  organ  for  the  elaboration  of  nutrient  matter  in  an  appropriate  shape  to  meet 
the  wants  of  the  economy  at  the  precise  time  when  these  wants  are  most  urgent 
His  conclusions  tend  to  confirm  the  views  of  Hewson,  so  long  and  undeservedly 
neglected  (see  Annot.  198,  p.  250).  Mr.  Gulliver*s  observations  are  by  far  the 
most  complete  and  extensive  we  possess  on  the  fluids  of  the  thymus  and  supra- 
renal glands.  Appendix  to  Gerber*s  Anatomy^  where  the  subject  is  illustrated 
by  figures.    R.  W.] 

^®  The  principal  work  we  possess  on  the  form  and  structure  of  glands  is  that 
of  Mtiller :  De  Olandidarum  »ecementium  structwraperdtionearumque  prima  far- 
maUone  in  hamine  atque  animalilnu,  c.  tab.  xviL  fol.  Lips.  1830.  In  this  woik,  in 
the  subject  of  which  the  author  had  few  predecessors  of  any  note  save  Weber, 
Huschke  and  Rathke,  the  anatomy  of  the  glandular  system  is  exhausted  in  ail 
essential  particulars.  Up  to  the  time  of  MUllcr*s  appearance,  indeed,  the  minute 
anatomy  of  glands,  their  elementary  constitution  of  cells,  &c.,  could  not  be  suc- 
cessfully approached ;  science  was  not  till  then  in  a  condition  to  grapple  with 
these  subjects. 
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tions,  developed  in  harmony  with  the  general  scheme  of  cellular 
formationsi — simple  molecules  are  first  deposited,  which,  serving 
OS  nuclei  of  future  cells,  throw  out  their  envelopes,  and  subse- 
quently become  filled  with  peculiar  matters  abstracted  from  the 
blood.  The  fat  which  is  contained  in  the  fat«-cells  is  also  regarded 
as  a  deposit  from  the  blood,  which,  under  certain  relations,  is  ledis- 
solved  and  taken  up  into  the  blood  again,  and  so  like  a  magazine  of 
nutrient  matter  can  be  reapplied  to  form  new  combinations,  and  to 
serve  other  purposes  in  the  economy  ^^« 

§  186.  The  serous  and  mucous  membranes,  and  the  external  skin, 
have  been  regarded  as  secreting  textures.  To  the  serous  mem- 
branes belong  the  pleurae,  pericardium,  peritoneum,  tunica  vaginalis 
testis,  tunica  arachnoidea  of  the  brain  and  spinal  cord,  and  the  sy- 
novial membranes.  These  are  all  formed  of  interwoven  fascicles  of 
cellular  substance,  and  are  covered  on  the  free  surface  with  a  sim- 
ple or  multiple  layer  of  tessellated  epithelium.  They  are  smooth 
moist  membranes,  readily  permeable  by  the  serum  of  the  blood, 
which  accumulating  in  extraordinary  quantity  within  their  cavities 
constitutes  effusions  or  dropsies  there ;  in  the  normal  condition  how- 
ever they  seem  to  separate  neither  a  fluid  nor  a  halitus,  or  at  all 
events  to  pour  out  either  of  these  in  very  small  quantity  only. 
They  are  perhaps  therefore  improperly  reckoned  among  the  number 
of  secreting  organs '^\     The  secreting  apparatus  of  the  mucous 

'^  On  the  stracture  of  the  fat  and  pigmentary  cells,  see  §  86,  and  also,  as  the 
newest  and  best  work  on  the  anatomy  of  the  tissues,  the  AUgemebie  AnaJtomie  der 
Afemehen  vnd  Haussaugethiere^ — *'  7*he  Oeneral  Ajudomy  of  Man  and  the 
JDomestie  MammaUd^  of  Gerher,  edited  with  an  Appendix  hy  Geo.  Gulliver, 
F.R.S.  Svo.  Lond.  1841.  See  fkrther  on  the  physiologically  very  remarkahle 
contractile  pigmentary  cells  of  sepia  octopus  and  the  cephalapoda  in  general,  my 
leoneM  Zooiomica^  Tah.  zzix. 

^^  If  the  serous  memhranes  are  not  in  the  normal  state,  properly  secreting, 
and  if  the  mucous  memhranes  he  regarded  as  mere  investments  of  internal  cavi- 
ties in  the  same  sense  as  the  epidermis  is  an  investment  of  the  proper  skin  [or 
a«  the  true  skin  itself  is  of  the  hody  at  large]  then  are  these  membranes  no 
secreting  organs  in  the  true  meaning  of  the  phrase,  and  actually  secerning  struc- 
tures are  all  referable  to  the  category  of  glands.  It  must  be  allowed,  however, 
that  a  small  quantity  of  fluid  is  very  generally  found  in  the  serous  cavities  of 
r€K5ently  slaughtered  animals,  for  example  in  the  pericardium,  and  occasionally 
also  in  the  lateral  ventricles  of  the  brain.  [Even  this  consideration  ought  not,  I 
apprehend,  to  induce  us  to  place  the  serous  membranes  at  large  among  the  pro- 
per secreting  organs ;  the  fluids  of  all  glands  are  peculiar,  and  difierent  from  the 
Acrum  of  the  blood ;  the  fluids  found  in  the  serous  cavities  are  mere  serum ;  they 
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membranes  and  external  integument  is  not  so  much  superficially 
extended  and  general,  as  it  is  concentrated  into  points  and  attached 
to  an  infinity  of  minute  depressions,  which  lead  to  cavities  that  are 
either  simple  or  ramified,  and  that  consequently  pass  into  the  order 
of  compound  glands'^^ ;  these  are  the  mucous  follicles  and  crypts, 
the  sebaceous  and  the  sudoriparous  glands.  These  depressions  or 
cavities  are  alwa3's  covered  with  a  multiple  layer  of  epithelium,  some- 
times of  the  kind  called  tessellate,  sometimes  of  that  which  is  en- 
titled cylindracious ;  crypts  are  always  covered  with  tessellate  epi- 
thelium, and  the  mucous  or  unctuous  secretion  of  their  cavities  is 
regularly  mingled  with  innumerable  normal  and  altered  epithelial 
cells,  so  that  these  may  be  regarded  as  regular  constituents  of  mucus. 

Structure  of  Glands. 

§  187.  The  type  or  elementary  form  of  every  secreting  gland  is 
either  a  simple  capsule,  an  elongated  blind  sac,  or  a  rounded  vesicle, 

are  the  effect  of  transudation  of  the  coats  of  the  vessels  and  the  membranes,  and 
not  of  any  process  akin  to  that  by  which  bile  or  saliva  or  urine  is  formed.  R.W.] 

The  same  fundamental  type  is  observed  in  the  structure  of  the  simplest  follicle 
and  of  the  most  complex  parenchymatous  gland,  which  last,  however,  is  to  be 
regarded  much  less  as  an  inverted  membrane,  than  as  a  branched  tube,  or  hollow 
tree  divided  from  trunk  to  bough,  and  branch,  and  twig,  and  leaf,  the  walls  of 
which  are  formed  of  variously  shaped,  often  compact  and  angular  or  rounded, 
more  rarely  elongated  and  filamentous  cells,  like  the  brick-work  or  masoniy  of 
a  dwelling-house.     The  lungs  alone  can  be  viewed  in  this  sense  as  a  membrane 
which  has  undergone  inversion  into  itself.     But  the  principle,  that  in  the  glands 
is  realized  the  tendency  within  the  smallest  possible  space,  to  have  the  greatest 
extent  of  secreting  surface,  loses  nothing  of  its  universality  here.    The  aqueous 
humour  of  the  eye  might  be  regarded  as  a  secreted  product  of  the  serous  mem- 
brane which  lines  the  anterior  chamber  of  the  eye ;  but  there  is  no  complete 
parallel  between  this  and  the  rest  of  the  secretions.    [The  external  skin  in  itself 
is  very  certainly  not  a  secreting  membrane,  but  a  membrane  inclosing  in  its  sub- 
stance an  infinite  number  of  special  secreting  organs.    The  mucous  membranea 
I  believe  to  be  essentially  the  same  in  structure.    The  serous  membranes  I  view 
differently.    Here  I  believe  the  lymphatic  system  to  constitute  the  true  se- 
creting element  in  the  tissue :  the  serous  membranes  are^  in  the  mam^  cantrw^ 
ances  for  the  accommodaHon  qf  a  vast  number  of  lymphatic  vessels^  and  for  a 
purpose  w])ich  I  have  exposed  at  length  elsewhere.    R.  W.] 

'^^  It  is  very  questionable  whether  the  mucus  of  the  mucous  membranes  Is 
not  always  the  product  of  the  simple  or  compound  follicles  of  these  textures ;  it 
is  even  improbable  that  the  superficially  extended  muco-membranous  layers, 
.those  especially  that  are  covered  on  the  surface  with  a  ciliate  epithelium,  should 
secrete  mucus.  To  determine  this  question,  however,  additional  researches  are 
necessary. ' 
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upon  the  outer  aspect  of  which  vesaels  are  ramified,  and  which  on 
the  inside  generally  exhibits  numbers  of  small  cellular  projections 
or  depressions,  and  an  outlet  through  which  the  mattei  secreted 
escapes'*'.  Many  of  the  cutaneous  and  mucous  glands,  as  also  the 
simple  glands  of  the  stomachs  of  birds  (Fig.  CLXXII.  B.  a  d), 
and  the  Lieberkiihnian  glands  of  the  intestines,  afford  examples  in 
point ;  but  they  soon  begin  to  get  more  complex,  coalescing,  dividing, 

^'  The  priDcipal  forma  of  glands  are  exhibited  in  the  tisBues  referred  to  in 
S  187— 197,  which  comprise  a  careful  selectioD  of  examples  wherein  the  chief  re- 
latioiu  of  their  external  fomu  and  internal  structures  are  displayed,  everj  thing 
lilce  onnecessar;  detail  having  been  avoided. 


Fig.  CLXXXVII. 


Fig.  CLXXXVII.  Glands  from  the  meatus  auditorius  eztcmus  of  a  young 
female  of  IS.  A,  Section  of  the  akin;  seen  magnified  three  diametersj  b,b, 
hairs ;  c,  c,  superficially  situated  sebaceous  glands ;  a,  a,  larger  and  more  deeply 
seated  glands  which  arc  coloured  yellow,  and  appear  to  secrete  the  cerumen.  B, 
A  gland  of  this  icind  more  highly  magnified,  a,  a,  the  tortuous  caaal  composing 
the  gland  and  passing  over  into  the  excretory  duct  b;  c,  a  small  vessel  with  its 
branches.  C,  a  hair  of  the  auditory  passage,  peuetratiDg  the  epidermis  at  c,  and 
at  d,  contained  within  its  double  follicle  e,  e;  a,  a,  sebaceous  follicles  of  the  boir 
with  their  excretory  ducts. 
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sending  forth  new  lateral  lobules  (Fig.  CLXXII.  B.  e  and  fig. 
CLXIX.  A.  B),  and  by  repetitions  of  the  same  process  even  acquiring 


Fio.  CLXXXVni 


C-: 


■^ 


Via.  CLXXXVIIL  SudoriparoiiB  gland  from  the  palm  of  the  hand  of  a  young 
penoD  18  yean  of  age.  A,  a  gland  entire  with  its  excretory  duct,  inagaiiied  40 
timci ;  a  a,  the  convoluted  canalB  that  fonn  the  gland,  and  from  which  two  ex- 
cretory ducts  ariic,  S,  b,  which  unite  to  form  the  single  fipiral  duct,  which  at  c, 
pasMB  through  the  laminx  of  the  epidermic,  and  opens  on  the  aurftcc  at  d;  c,  c, 
surrounding  fat-cells.  B,  the  same  gland  more  highly  magnified.  Around  tho 
canal  of  the  gland  play  the  veMels,  b,  b.  C,  a  few  fet-globules  from  the  emptied 
&t -cells. 
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a  pretty  complicated  mulberry  appearance  (Fig.  CLXXII.  B.  /,)• 
The  ventricular  glands  of  mammals  are  already  somewhat  more  com- 
pound (Figs.  CLXVII.  et  seq).  The  extent  of  secreting  surface 
can  be  increased  without  any  additional  external  complexity,  by  a 
capsule  or  canal  extended  in  length,  and  at  the  same  time  rolled  up  or 
convoluted  upon  itself.     We  have  an  example  of  this  kind  of  gland 

CLXXXIX. 


Fig.  CLXXXIX.  Two  sodoriparous  glands  after 
Gurlt,  Magaz,/.  d.  gesanmte  Thierhsilk.  1835,  Tab. 
2  fig.  1.  a,  epidermis ;  &,  tactile  papillae ;  c,  corium  ; 
d^  adipose  tissue ;  e,  sadoriparous  glands. 


Fig.  CXC. 


Fig.  CXC.  A  thin  layer  from  the  scalp  of  the  human 
subject.  Oy  a,  sebaceous  glands;  6,  a  hair  with  its 
follicle,  c.  After  Gurlt,  Mag,f,  d.  ge»am.  TkierkeU" 
kmde^  1835. 
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in  the  ceruminous  glands  of  the  ear  (Fig.  CLXXXVII.  A.  By**,  and 
in  the  sudoriparous  glands  (Fig.  CLXXXVIIl.  A.  B.).  We  have 
only  to  conceive  these  two  forms  farther  subdivided,  ramified,  and  the 
several  parts  connected  by  means  of  vessels  and  cellular  tissue,  to 
have  a  perfect  idea  of  the  most  complex  parenchymatous  gland. 
The  skeleton  of  every  gland  is  the  ramified  excretory  duct,  formed 
in  the  manner  already  described,  to  which  are  attached  the  secre- 
ting blind  sacs,  vesicles,  or  tubes,  connected  together  by  cellular  tis- 
sue, and  surrounded  by  net-works  of  capillary  vessels"'. 

§  188.  The  best  picture  we  possess  of  the  vast  variety  that  exists 
in  the  structural  connection  of  the  several  parts  of  the  glandular 
skeleton,  is  in  the  secreting  organs  of  insects,  particularly  the  sali- 
vary glands  (Fig.  CXCI.)  and  the  testes.  Here  we  observe  the 
most  elegant  and  singular  forms,  having  frequently  much  of  the 
vegetable  character  in  their  appearance.     The  salivary  glands  pre- 

^^  This  is  the  first  time  that  this  organ  has  been  figured.  The  ceniminoufl 
glands  have  a  yellow  colour,  and  measure  firom  one  third  to  one  half  a  line  in 
diameter. 

^^  I  find  the  sudoriparous  glands  somewhat  different  in  their  structure  from 
what  they  were  believed  to  be  by  the  original  observers.  Purkinje  and  Wendt, 
for  example,  describe  and  figure  them  as  simple  saclets  (Muller^s  Archiv,  1834, 
tab.  iv.)  ;  Gurlt  saw  them  as  convoluted  canals  CTbid.  1835,  S.  416,  tab.  z.)  ;aDd 
his  figure  is  here  copied  (Fig.  CLXXXIX.)  to  contrast  with  the  structure  as  1 
bave  observed  it.  I  find  the  sudoriparous  gland  to  consist  of  aconvoluted  canal  still 
more  distinctly  than  Gurlt*s  figure  exhibits  it ;  and  occasionally  (or  generally  P) 
with  intermediate  excretory  ducts  (Fig.  CLXXXYIII.  A,  ft.  If);  or  may  it  be  a 
double  or  divided  canal  ?  Such  at  least  was  the  appearance  presented  on  two  dif- 
ferent occasions  in  perfectly  recent  bodies,  the  one  of  a  man,  the  other  of  a  woman, 
in  which  I  examined  the  structures  in  question.  The  sudoriparous  glands  measured 
fi^m  (th  to  ith  of  a  line  in  diameter,  and  were  visible  to  the  naked  eye  as  minute 
points.  The  glandular  canal  was  ^th,  the  spiral  excretory  duct  T^th,  of  a  line 
in  diameter.  I  find  it  best  to  take  a  very  fine  slice  by  means  of  the  double- 
knife  contrived  by  Valentin,  from  a  piece  of  firesh  skin  out  of  the  hollow  of  the 
hand,  to  place  this  immediately  under  the  microscope,  and  to  make  gentle  pres- 
sure upon  it.  All  artificial  means  of  hardening  the  integument,  such  as  solutions 
of  carbonate  of  potash,  &c.,  I  found  to  be  disadvantageous  rather  than  service- 
able. [The  structure  of  the  sebaceous  glands  of  the  skin  (Fig.  CLXXXVII.  C, 
a  a,  and  CXC.  a  a,)  is  very  different  fipom  that  of  the  sweat  glands.  Instead  of  being 
a  convoluted  canal  the  secreting  organ  here  is  an  aggregation  of  vesicles,  and  the 
ducts  instead  of  ending  independently  on  the  surface  of  the  skin,  seem  always  to 
terminate  in  the  sheaths  of  the  hairs.    R.  W.] 
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•ent  themselves  now  as  filiform  canals  (%.  CXCI.  B),  now  thick- 
er and  coavolnted,  now  with  asacculate  end(C),  here  extending  into 
a  simple  (E)  or  a  double  vesicle  (M),  there  branched  like  the  homs 
of  a  deer  (Cr),  or  in  the  guise  of  a  pair  of  long  shaped  canals  ending 


Fio.  CXCL  S&liniy  glands  of  iiuecU,  to  show  the  Ttriety  in  the  form  tod 
CombiiMtioa  of  the  aecTetiiig  fbllidea,  from  the  limple  lobular  or  fHifbnn  caiud 
and  blind  uc  to  the  greatly  complicated  raceme. 

A.  Part  of  the  salivary  gland  of  Nepa  cinecca.    After  lUindohr. 

R   SaliTaiy  vesBel  of  Aaida  griiea.   After  Sdccdw,  Atiat,  pkytMag.  Uniert. 

C.  Salinrj  veaael  of  Muica  derieni.    After  the  same. 

£.   7^  jmncof  MaBCacBrnaria.     After  the  Mine. 

G.   T^AnuofBIapipgaa.     After  the  same. 

H.  Tht  tamt  of  Cicada  onni.    After  the  ume. 

M.  T\e  ttoM  of  Pulex  irritaoi.    After  Ramdohr. 

N.  T^MDWofScolopendra  Airs.     After  nature. 

(All  these  figures,  widi  the  exception  of  that  indicated  bj  N,  are  more  or  less 
magoifliKi). 

S  o 
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in  many  smaller  saccules,  or  forming  a  tiift  or  corymb  of  blind 
canals  (H}|  or  a  cluster  of  vesicles  connected  like  a  b\mch  of  grapes 
or  berries  to  a  common  duct  (A,  N). 

The  yarieties  in  form  presented  by  the  seminal  organs  or  testicles 
are  still  greater,  new  inquiries  constantly  offering  new  shapes  to  our 
notice.  From  the  simple,  linear  and  filiform  canal  of  Julus  (Fig. 
CXCII*  1.) ,  to  the  highly  complicated  yet  beautiful  appearance,  com- 
parable to  a  leafy  tree  laden  with  fruit,  which  we  observe  in  Silpha 
obscura  (Fig.  CXCII.  10.),  there  are  forms  of  every  intermediate 
degree  of  complexity,  but  always  as  varieties  of  the  same  elemen- 
tary type.  Even  the  simple  canalicular  or  sacculate  form  presents 
numerous  variations.  In  one  case  it  is  the  straight  pretty  regular 
canal  already  indicated  (1);  in  another  the  canal  is  irregular,  of  dif- 
ferent thicknesses  in  different  parts,  and  tortuous  (2) ;  in  a  third  it  is 
spirally  twisted  (3),  or  is  rolled  up  into  a  skein  simple  or  double 
and  with  club-shaped  ends  (4),  in  every  case  for  the  obvious  purpose 


1. 


Fio.  CXCIL 
2.  3. 


/ 


4. 


1    Testis  of  Julus. 

2.  Tipala  crocata. 

3.  Ranatra  linearis. 


4.  Harpalus  ruficornis. 

5.  Cercopis  spumaria. 
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of  saving  room  ;  in  other  instances,  stiU,  the  organ  presents  itself  in 
the  shape  of  one  or  more  club-like  canals  nearly  straight  (5),  or  bent 
at  an  angle  with  commencing  divisions  at  the  end,  or  with  the  end 
forming  a  rounded  vesicle ;  or  otherwise  two  ccecal  canals  are  con- 
nected like  hooks,  or  they  are  finger-shaped,  or  the;  form  tufts  of 
different  kinds— quiver-Iike,  star-shaped  (6),  or  like  the  flowers  of 
sjngenesious  plants,  (7),  or  they  form  small  sacculeB  in  the  shape 
of  pannicles  (8),  or  they  are  clustered  like  grapes  or  berries  and 
attached  to  stylee  (9).    In  this  way  do  the  ferms  of  this  gland  alter 

Fig.  CXCII.    (Continued.) 


^ 


6.  Cq»8ua  tricolor.  9.  Prionas  coriariua. 

7.  Boatrichns  capucnnua.  10.  Silpba  obscura. 

8.  Staphflinua  inasill[>sai. 

Fw.  CXCIL  A  view  of  some  of  the  Dmneroui  forma  presented  by  the  Ustia 
or  otgan  aecreUng  the  Kininal  fluid  in  the  ctaas  of  insecta,  after  Leon  Dufbur, 
Succow,  and  Treriranua. 
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in  nearly  allied  species  in  the  insect  world,  so  ricb  in  varied  forms  "^. 
The  peculiar  constitutioQ  and  mode  of  distribution  of  the  blood  of 
the  insect  diyision  of  the  animal  kin^om  (§  111)  probably  required 

"^  There  are  few  diTiakini  of  the  compantive  anatomj'  so  mncti  calculated 
to  set  in  a  clear  light  the  importaace  of  ttiia  science  in  coimectioa  with  the 
Btudj  of  general  morphology ,  at  the  sketch  just  given  of  the  vast  vanetf  of  form 
presented  hj  the  glandular  sjatem.  If  we  would  give  plans  or  ideal  outlines  of  the 
principal  fonnE  of  the  different  elementa  of  the  ^andular  sjstem  in  man  and  the 
more  perfect  animak,  no  better  method  could  be  followed  than  to  pnnue  a  dn^e 
gland  through  the  class  of  insects.  As  supplementat;  to  this  part  of  our  subject, 
the  elegant  forms  which  the  clustered  canals  and  vedcles  of  others  of  the  spedal 
secreting  organs  of  insects  exhibit  may  be  referred  to  in  the  subjoined  E^gores. 

Fio.  oxcm. 


Fig.  CXCIH.  The  glands  of  insects  which  secrete  the  acrid  or  corroding 
jmce,  after  Leon  Dnfour,  Ax.  d.  Se.  NaL  T.  vii,  pi.  19  and  20.  A.  Of  Chtenio* 
Tclutinn*     B,  Of  Btachinus  crepitans.    C,  Of  Calathna  fhlvipes. 
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the  singuUr  unfolding  of  the  glandular  elementa  whicli  we  observe 
among  its  members.  The  blind  extremities  of  the  glands  are  sur- 
rounded immediately  b;  the  blood,  which  is  poured  fireely  into  all 
the  interstices  of  the  body,  and  so  attract  the  substances  &om  its 
mass  which  Uie  glands  of  other  and  higher  animals  have  brought  to 
them  by  finely  divided  capillary  reticulations,  to  be  subjected  to 
their  peculiar  elective  attractions. 

{  189.  It  is  infinitely  more  difficult  to  form  an  idea  of  the  glandu- 
lar skeleton  of  man  and  the  vertebrata,  in  the  fully  formed  condition, 
the  compoution  of  this  being  much  obscured  by  the  connecting  cel- 
lular tissue  and  intermingled  net-works  of  vessels.  Still  there  are 
cases  even  here,  where,  without  peculiar  difficulty,  the  two  principal 
types  in  glandidar  architecture  may  be  seized.  As  examples,  the 
Harderian  glands  of  birds  generally  (Fig.  CXCIV. )'''',  and  tJie  Cow- 

**'  I  have  selected  two  coDglomerate  gUuda  a*  types  which  are  readily  procu- 
rable bj  all,  and  which  can  easily  be  filled  with  mercory  id  the  moat  beautiful 
and  perfect  manner.  The  Harderian  gland  is  a  glandular  body  mtuated  ia  the 
orbit,  which  occurs  io  birdi  and  many  mamninilaj  for  example,  ia  the  hare,  and 
which  is  readily  to  be  injected  with  quicksilver.  Id  the  goose  the  appearance 
presoited  ia  uncommonly  beautiiuL  The  body  has  been  figured  by  Mtlller,  De 
Oland.  ttruetara.  Tab.  t.  figs.  6  and  T,  in  tbe  goose  and  hare.  I  have  chosen  the 
Harderian  gland  of  the  pelican  as  the  subject  of  my  description  and  figure,  partly 

FiQ.  CXCIV. 


Fia.  CXCIV.  A.  A  Harderian  ghtod  of  the  Pelecanns  onocrotalus,  with  the 
excictoiy  duct  of  the  natural  u>e  injected  with  mercury.  B.  A  portion  of  the 
same  slightly  magnified.    Some  vascular  raipficatioas  are  sdll  apparent  between 
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per's  glanda  of  the  hedgehog  (Fig.  CXCV.)  may  be  quoted.  loto 
both  structures  a  quicksilver  injection  flows  readily,  and  renders  the 
ftrrangenient  of  their  parts  perfectly  distinct  even  to  the  naked  eye. 
The  gland  of  Harder  of  the  pelican  (Fig.  CXCIV.}  is  seen  as  a  con- 
siderable lobulated  body,  each  lobe  being  subdivided  into  smallec 
rounded  or  elongated  or  angular  lobules,  which  again  present  them- 
selves as  small  hollow  pannicles  or  berries,  attached  to  the  enlarged 
excretory  duct,  these  in  their  turn  having  still  smaller,  rounded  blind 
cells  (Fig.  CXCIV.  B)  surrounded  by  vascular  net-works  attached  to 
them,  an  arrangement  by  which  the  whole  structure  acquires  a  cauli- 
flower appearance.  The  Cowper's  glands  of  the  hedgehc^,  on  the  other 
hand,  (Fig.  CXCV.  A)  aflbrd  an  example  of  that  form  in  which  the 
ramified  excretory  duct  divides  into  elongated,  pretty  even,  and  slender 
cceca,  which  subdivide  at  their  ends  into  finger-shaped  processes  (Fig. 
CXCV.  B),  partly  straight,  partly  sinuous,  which  are  then  applied 
to  one  another  in  the  form  of  fiat  lobules,  these  in  their  turn  being 
connected  by  cellular  tissue  into  larger  lobes. 

$  190.  In  man  and  the  higher  vertebrata,  glands  of  the  simple 
follicular  form  (as  they  exist  in  the  Lieberkiihnian  glands  of  the 
intestines,  for  example)  attain  to  the  highest  degree  of  complexity 
— in  the  liver,  for  instance.  The  compound  glands  may  be  arranged 
according  to  their  structure  into  four  groups.  1.  Compound  fol- 
Uclet,  the  short  excretory  canal  passing  without  farther  ramifica- 

that  I  might  ^ve  a  new  representation  of  the  body,  and  parti;  becauw  it  is  biae 
■till  larger,  sjid  the  Binicture  Rtill  more  ohvious.  Compare  also  the  figure  of  the 
Cowper's  gland  of  the  hedgeht^,  in  Muller,  1.  c.  Tab.  iii.  figs.  8  and  9,  with  that 
which  I  have  here  given. 


Fia.  CXCV.  A,  the  Cowper's 
gland  of  the  hedge-hog  with  the 
excretory  duct  a.  The  caea  com- 
posing the  gland  are  filled  in  the 
most  beantiiiil  manner  with  mer- 
cmy !  the  object  is  not  mapiiiied. 
B,  A  few  of  the  blind  sacs  seea 
slightly  magnified. 
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tion  at  once  into  pediculate<^ vesicles  or  racemiform  lobules;  or  the 
outwardly  simple  sac  exhibiting  internally  open  cellular  projections 
or  shallow  pits ;  to  this  head  belong  the  greater  number  of  the 
larger  mucous  and  cutaneous  glands.  2.  Glands  with  treelike 
ramifications  of  their  excretory  ductf  and  enlargements  of  the  ter- 
minal branches  into  racemiform  or  cauliflower-like  aggregated  vesi- 
clesi  which  are  visible  with  the  naked  eye^  and  vary  in  magnitude 
from  the  25ih  of  a  line  to  1  line.  To  this  rubric  belong  the  lachry- 
mal glandsi  the  salivary  glands,  and  the  pancreas.  The  lung  of  the 
mammali  with  its  terminal  vesicles  attached  to  the  minute  ramifica- 
tions of  the  bronchi,  may  serve  as  prototype  of  this  form  of  gland, 
which  is  made  up  of  repetitions  of  the  same  fundamental  structure, 
as  we  have  seen  in  the  preceding  paragraph  to  be  the  case  with  regard 
to  the  Harderian  gland.  3.  Glands  with  a  tubular  structure;  the 
secreting  canals  are  here  extremely  slender,  of  great  length,  convolut* 
ed,  blind  at  the  ends,  not  ramified  or  only  once  or  twice  dividejd,  not 
sensibly  or  but  very  slightly  enlarged  at  the  extremities,  sometimes 
anastomosing  by  recurrent  loops,  or  connected  by  cross  branches, 
and  from  the  10th  of  a  line  to  half  a  line  in  thickness ;  to  this  cate- 
gory belong  the  kidneys  and  the  testicles  especially.  The  Cowper's 
gland  of  the  hedge-hog  (Fig.  CXCV.)  may  serve  as  prototype  of 
the  form  of  which  that  of  the  organs  just  mentioned  may  be  viewed 
as  an  extension.  4.  Acinous  glands.  The  excretory  duct  here  rami- 
fied through  the  substance  of  the  gland,  divides  at  length  into  ex- 
tremely minute  branches ;  all  the  branches  and  twigs  are  beset  with 
compact  lobules  which  consist  of  very  small,  firm,  angular  cells, 
which  effect  the  secretion.  To  this  division  belongs  the  liver  of 
vertebrate  animals  generally. 

§  191.  Compound  follicles  or  glands  of  the  first  description  are 
progressive  or  more  complex  forms  of  the  rounded  or  elongated 
inversion,  which  we  have  seen  constituting  the  simple  follicle  of 
the  mucous  membrane  and  of  the  skin  (§  187);  no  precise  line  of 
demarcation  can  in  fact  be  drawn  between  them  and  the  simple 
follicle — the  Lieberkiihnian  glandlet,  for  example — or  the  sudo- 
riparous or  ceruminous  gland.  The  large  glands  of  the  stomach  and 
intestines  may  serve  as  types  of  this  kind  of  gland  (Fig.  CLXXI), 
or  the  numerous  glands  which  are  in  connection  with  the  skin — the 
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glands  of  the  prepuce  and  nymph«,^for  example"*.  AH  these 
glanda  consist  of  ramificationa  of  the  excretory  ducts,  which  swell  out 
into  single  saccules,  that  do  not  combine  into  true  racemes  or  lobes. 
The  glands  which  are  connected  with  the  hairs  (Fig.  CLXXXVII. 
Caa,  and  CXC.  a  a)  ate  small  follicles  with  rough  external  surfaces, 
and  internally  presenting  the  appearance  of  projecting  parietal  cells. 
To  thisdiyision  also  belong  theasBocia ted  unbranched  saccules,  arrang- 
ed along  the  excretory  duct  like  the  grains  of  an  ear  of  barley,  which 
compose  the  Meibomian  glands"*.  Among  animals  a  multitude  of 
variously  formed  glands  of  the  skin,  jother  than  the  sudoriparoui 
and  sebaceous  glands,  are  encountered"". 

4  192.  The  progressive  development  of  the  last  form  of  gland  is 
Observed  in  the  lachrymal,  salivary  and  lacteal  glands  "*,  in  all  of 

*"  The  mucous  glands  of  the  nymphs  are  figured  by  Wendt  id  hia  paper  "H 
the  liuinao  epidennii  in  Moller'i  ArcAiv.  IS34,  Tab.  iv. 

""  Figured  by  Mflller— i>e  OlaiuL  glmetura.  Tab.  t.  fig.  1  and  2. 

*M  To  this  number  belong,  for  example,  the  mnik  bag,  which  lies  between  the 
umbilicus  and  glani  and  opens  into  the  prepuce,  the  inner  aapect  of  iriiich  !• 
marked  by  superficial  depresrions ;  and  the  aoal  sacs  of  many  animals — the  martyn, 
the  ott«r,  &c^  which  esbale  a  peculiar  odour  or  stench,  are  of  the  same  dcKiip- 
tion.  They  are,  in  &ct,  estensiTC  inTolutioDS  of  the  skin,  of  simple  stractaK, 
occupied  internally  by  shallow  pita  ;  these  structures  might  be  regarded  s* 
rimple  follicles,  which  upon  occarion,  however,  may  become  more  compljoited, 
as  they  do  in  the  anal  sac  of  the  hyxna,  for  example,  which  is  made  up  of  serenl 
racemes  clustered  together. 

K'  On  the  structure  of  the  glands  in  general,  and  of  each  of  those  meotieiKd 
in  particular,  see  the  work  of  Mailer,  and  the  Elementary  TrtatUet  tm  Am^i"! 
of  £.  H.  Weber  and  of  Krause. 


Fig.  CXCVf.  A  very  small  piece  of  the  parotid  glsnJ 
of  a  new-bom  infant,  filled  with  mercury  and  msgnifie 
five  diameters.     After  Weber. 
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which  a  greater  amount  of  ramification^  an  increase  in  the  quantity 
of  vesicles  and  racemes  producedi  and  a  greater  degree  of  separa- 
tion of  the  individual  parts  into  lobes,  are  observed.  The  lachrymal 
gland  of  man,  of  mammals  and  of  birds,  exhibits  terminal  cells,  which 
in  the  latter  creatures  are  large  and  conspicuous;  in  man,  on  the  con- 
trary, they  are  much  smaller.  The  salivary  glands  of  man  are 
formed  in  the  same  way  (Fig.  CXCVI.)  The  cells  of  the  terminal 
vesicles  of  the  parotid  may  still  be  readily  filled  with  mercury  in 
young  subjects ;  they  are  two  or  three  times  smaller  than  the  finest 
pulmonary  cells,  measuring  no  more  than  from  the  SOth  to  the  60th 
of  a  line  in  diameter.  The  structure  of  the  pancreas  is  similar,  and 
the  terminal  vesicles  of  this  gland  are  very  easily  filled  with  mer- 
cury or  with  air,  in  birds  especially,  measuring  when  thus  distended 
from  a  50th  to  a  SOth  of  a  line  in  diameter^'.  The  mammary 
glands  in  the  ornithorhynchus  are  extremely  simple,  and  exhibit 
the  commencement  of  a  series  of  evolutions  that  end  with  the  most 
complicated  raceme :  the  structure  here  consists  of  a  congeries  of 
very  large  unramified  coeca'^ ;  but  in  the  higher  mammalia  and  in 
man  the  wide  excretory  ducts  pass  over  into  finer  branched  canals, 
upon  which  the  terminal  cells  form  botryoidal  clusters ;  the  cells  are 
on  an  average  from  i^th  to  ^th  of  a  line  in  diameter. 

$  193.  Among  the  glands  having  tubular  vessel-like  secreting 
canals,  the  kidneys  and  the  testes  deserve  particular  notice.  The 
development  of  the  kidneys  in  the  vertebral  series  is  of  especial  in- 
terest. In  fishes  and  amphibia  the  entire  tissue  of  the  kidney  con- 
sists of  tortuous  canals,  which  end  partly  in  blind  extremities,  and 
partly  pass  into  one  another  in  loops,  but  which,  from  their  great 
length  and  intimate  connection,  cannot  be  demonstrated  singly. 
They  are  not  divided  into  single  pyramids  or  lobules,  a  peculiarity 

^'  The  pancreas  of  fishes  has  been  very  commonly  quoted  as  affording  an 
example  or  type  of  the  saccessive  evolution  of  glands  from  the  simplest  coecal 
lobes  to  the  most  complex  form  observed  in  the  glandular  system.  Recent  in- 
quiries, however,  rather  lead  us  to  conclude  that  the  bony  fishes  in  general  have 
a  pancreas  which  is  comparable  in  all  respects  to  that  of  the  other  vertebrate 
animals ;  perhaps  the  coecal  appendages  which  were  so  long  mistaken  fbr  the 
pancreas  have  a  totally  different  function. 

'^  See  Meckel :  OmUhorhynchi  paradoxi  descript,  Anatam,  Tab.  viii.  [and 
Owen  on  the  mammary  gland  of  the  Ornithorhynchus  in  Pkilos.  Trana, 
R.  W.] 

2p 
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that  first  makes  its  appearance  among  birds.  Here  tbe  highly  tor- 
tuous uriniferous  tubules  are  furnished  with  lateral  branches,  which 
come  off  like  the  tines  of  a  stag's  horn ;  in  all  probability  they  pass 
over  the  one  into  the  other  by  means  of  loops.  In  the  mammalia 
the  tubuli  uriniferi  form  many  pyramids  or  lobes  (renculi),  each  a 
aystem  by  it-elf  (Figs.  CXCVII.  and  CXCVIIL  A).  In  the 
cortical  substance  of  the  human  kidney,  the  tubuli  can  be  traced, 
although  with  difficulty,  winding  among  the  vascular  plexuses  or 

Fio.  CXCVII. 


Fio.  CXCVII.  Kidney  «ud  wp»»- 
renal  gland  of  Ihe  new-botn  child,  at 
the  natural  size,  a,  kidney ;  i,  m- 
pra-renal  glaod ;  c,  artery ;  d,  raai; 


Fro   CXCVni. 


Fig.  CXCVIII.  A.  B.  Portions  of  the  kidnej 
represented  in  Fig.  CXCVH^injected.  A,  of  th« 
natural  sice;  the  Malpighisn  bodies,  a,  a,  sppMi- 
ing  SH  points  in  the  cortical' substance ;  i,  ih* 
papilla  of  one  of  the  tubalar  pyramids.  B,  ■ 
■mall  portion  of  A,  seen  under  tbe  simple  lent 
and  slightly  magnified ;  a,  Malpighian  bodies ;  i. 
tubuli  uriniferi. 
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skeins,  mostly  looped  towards  the  margin  of  the  organ  and  running 
into   one  another  (Fig.    CXCIX,  b,  h),  or  euding   blindly,   (a) 

Fm.  CXCIX. 

Fig.C?iC1X.  AstilUmaller 
piece  of  the  same  kidney 
magnified  about  60  diametera 
and  drawn  in  part  as  a  plan, 
so  that  the  rektionsof  the  tu- 
buli  to  one  another  and  to 
the  vascular  glomeruli  may 
be  distinctly  seen  and  under- 
stood, a,  a  simple  terminal 
tubulus  nriniferuB ;  6,  6,  tu- 
buli,  forming  loops  and  re- 
turning ;  c,  e,  tubuli  termi- 
nating in  bifurcated  points  i 
d,  e,  /,  poinU  where  the 
tubuli  join,  continuing  their 
course  towards  the  papilla  ; 
g,  g,  g,  arterial  glomerules 
or  convolutions,  connected 
with  one  another  bj  a  gene- 
ral vascular  rete;  h,  a  larger 
arterial  trunk,  which  feeds 
this  ret£  and  the  connected 
glomeruli    (the   Malpighian 

Fig.  CC. 


Fig.  CC.  Termination  of 
one  ofthe  tubuli  oriDiferi  from 
the  kidney  of  an  adult,  ex- 
amined soon  after  death.  The 
cellular  structure  is  conspi- 
cuous.   Magnified  230  limes. 
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more  rarelj  slightly  enlarged  and  club-shftped,  (Fig.  CC.)  occa- 
sionally also  cleft  (Fig.  CXCIX.  c).  The  entire  cortical  sub- 
stance consists  of  convolutions  of  the  uriniferous  tubules,  which 
are  found  to  present  a  very  nearly  uniform  diameter,  and  which  on  an 
average  may  be  from  about  the  60lh  to  the  50th  of  a  line.  They 
unite  two  and  two  as  they  approach  the  tubular  or  medullary  struc- 
ture, becoming  at  the  same  time  somewhat  thicker,  and  then  they 
run  quite  parallel  to  one  another  to  their  termination  (f^.  CCI)'**. 

^*  Obserren  are  not  yet  agreed  in  regard  to  the  minuter  •tructure  of  the 


Fig.  CCI.  A  lobe  of  the  Udnej  of  the 
adult  porpoiie  (Delphinui  pbi>ca:na). 
After  MilUer. 


Fig.  ecu.  A  human  testis 
injected  with  mercary  in  u  com- 
plete ■  maimer  u  poaaible,  after 
Lauth  (Mem.  de  la  Sacieliiriiul. 
Nat.  dt  Stnubomrg.  T.  i.)  a,  a, 
lobulee  fonned  by  the  moet  deli- 
cale  tubuli  Mmeniferi;  6,  retf 
testis;  c.  vaaa  efibvnb'a ;  d,  icx- 
ures  of  the  efferent  reuels  pasnog 
into  the  head  of  the  epididjmEs 
t,e;/,  body  of  the  epididjioia ; 
g,  its  appendix,  and  A,  iu  tidl ; 
i,  TBS  deferens. 
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(  194.  The  structure  of  the  testis  has  already  been  described  (f 
S6).  Here  the  entire  mass  of  tubuli  seminiferi  tn&j  be  said  to  form 
but  a  single  vessel  having  numerous  anastomoses,  the  vessel  how- 
ever being  of  such  excessive  length  that  its  convolutions  form  a  vast 
number  of  lobules  (Fig,  CCII.  a,  a).  Ferfectly  successful  injec- 
tions of  the  tubuli  semeniferi  with  mercurj  are  extremely  rare, 
and  the  series  of  anastomoseB  can  only  be  shown  in  a  plan  or  dia- 
gram, such  as  Figure  CCIII.  The  finest  tubuli,  a,  a,  which  are 
about  iV^h  of  a  line  in  diameter,  form  an   extensive  network  of 

Udoey ;  tbe  above  deBciiptioD  it  after  my  own  researchea.  Kraiue  baa  vety 
lately  given  a  careful  deBcription  and  repreaeDtation  of  tbe  atnicture  as  he  saw 
it.  Mtlller'a  Arehtv,  1837,  Tab.  1.  Beudes  aoastomoMB  be  found  blind  bat  not 
enlarged  ends  near  tbe  polnta  of  sDMtomoui. 


Fig.  CCIII.  Plan  of  tbe  atruclureof  tbe  teatia  and  epididymii  and  of  tbe  ce 
nectiODa  and  conrw  of  tbe  tubuli  temeniferi  (afler  Lauth).  a,  a,  tubuli  aen 
niftri  and  tbeir  anastomoiei  a,*  o".    The  other  referencea  a*  id  last  figure. 
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vessels  divided  into  lobules,  and  pour  the  fluid  they  have  secreted 
into  the  ret6  testis^  h,  from  which  the  vasa  efierentia,  d^  d,  take  their 
rise,  and  these  terminate  in  the  head  of  the  epididymis,  e,  e,  or 
greatly  convoluted  excretory  duct,  which  gradually  becomes  less  and 
less  wound  upon  itself,  and  forms  the  vas  deferens.  It  is  in  the 
testis  that  the  vessel-like  form  of  the  secreting  glandular  canal  is 
most  completely  realised ;  we  here  see  a  very  extensive  secreting 
surface  packed  up  in  a  truly  wonderful  manner  within  a  very  limit* 
ed  space  ;  and  it  is  not  unworthy  of  remark  that  the  structure,  how- 
ever intricate  in  appearance  and  difficult  to  be  understood,  is  never- 
theless one  of  extreme  simplicity  ^^. 

§  195.  Among  the  whole  of  the  vertebrata  the  parts  which  are  the 
efficient  agents  of  secretion  in  the  liver  are  so  intimately  connected 
into  a  compact  and  little  lobular  organ  bj  means  of  the  vessels  and 
cellular  substance,  that  it  is  extremely  difficult  to  form  a  proper  notion 
of  its  structure.  Perhaps  the  following  is  the  true  account  of  the 
structure  of  the  liver  when  fully  formed  in  man  and  the  mammalia : 
It  is  easy  to  obtain  conviction  of  the  fact  that  the  ends  of  the  secre- 
ting parts  of  the  liver  are  leaf-like  lobules  with  blunt  projections, 
which  in  preparations  of  the  organ  are  most  apt  to  remain  attached  to 
the  minute  venous  twigs  (Fig.  CCIV.  A.  a,  and  CCV.  a,  b  6).    These 

^^  The  very  complete  and  excellent  description  of  Lauth  (Mem,  de  Strasbourg^ 
T.  i.)  has  been  made  the  basis  of  the  preceding  short  account  of  the  structore 
of  the  testis.  The  testis  of  the  mammiferous  animal  in  general  is  constructed 
on  precisely  the  same  plan ;  in  birds  also  and  in  the  scaly  amphibia  the  testis  is  a 
greatly  convoluted  vessel.  In  fishes  and  the  naked  amphibia  a  different  type  it 
followed.  The  comparison  of  the  testis  and  its  efferent  duct  in  the  cartilagi- 
nous fishes  with  those  of  man  is  very  interesting.    The  secreting  ends  of  the 


Fio.  CCIV. 


Fig.  CCIV.  A.  Four  lobules  fi-om  the 
liver  of  a  human  subject  40  years  of  age, 
magnified  twice ;  a  branch  of  the  hepatic 
vein,  a,  receives  a  more  minutely  ramified 
twig  fix>m  each  lobule.  B,  Some  of  the 
cells  of  which  the  lobules  of  the  liver  are 
composed,  seen  under  a  magnifying  power 
of  200;  in  the  greater  number  the  clear 
nucleus  is  apparent. 
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lobule*  are  composed  of  compact  angular  and  rounded  cells  (Fig. 
CCIV.  B.)     Betwixt  the  several  divisions  of  the  cells  of  the  indi- 

tnbc  are  here  «m«U  round  capinle^,  which  lie  within  largpr  glob^ilar  Tesiclf«, 
■nd  which  Krre  iaiteadof  or  teem  to  typify  the  lobules ;  from  these  arise  Teasels 
which  form  a  ret6,  pass  into  vim  efferentia,  which  in  their  turn  terminate  in  the 
epididjmiB,  precisely  as  in  raaa,  save  that  they  are  spread  out  flat,  >o  that  here 
the  natural  arrangement  is  in  all  respects  that  of  the  diagram  (Fig.  CCIII), 
which  Lauth  has  given  of  the  human  testis.  See  the  representation  of  the  male 
organs  of  generation  in  a  shark  in  my  Iconei  Zootomiea,  Tab.  xui. 


Fia.  CCV. 


Fig.  CCV.  a,  A  branch  of  the  hepatic 
vein  with  the  tributary  twigs  of  which  the 
lobules  of  the  liver  are  connected  as  leaves 
aie  with  the  final  brdncbes  of  a  tree.  The 
venous  ramuscles  (venc  inlralobulares)  lie 
in  the  middle  of  each  lobule,  as  is  seen  in 
the  two  next  succeeding  figures  which  re* 
present  transverse  sections  of  the  hepatic 
lobules  magnifled.    After  Kientan. 


Fio.  CCVr.  Lobules  of  the  liver,  lu- 
perficially  situated,  divided  horizontally ; 
a  a,  intralobular  veins ;  b  6,  clefts  between 
the  several  lobules,  in  which  cellular  tis- 
sue, minute  subdivisions  of  the  hepatic 
ducts,  of  the  vena  porta;  and  hepatic  ar- 
tery, are  included ;.  the  middle  [Jbrtion  of 
each  lobule  is  here  in  ■  state  of  conges' 
tion.     After  Kieman. 


Fio    CCVII. 

Fig.  CCVII.  The  intralobular 
plexus  of  biliary  vessels,  as  f1- 
3  gured  by  KiemaD— although  the 
injection  of  these  vessels  was  not 
so  complete  as  it  is  here  repre- 
sented i  d,  d,  two  lobules  divided 
across,  with  the  ramifications  of 
the  hepatic  vein,  a  a,  the  twigs  of 
which  perforate  their  centres ;  i, 
I  b,  b,  b,  branches  of  the  hepatic 

duct,  as  they  take  their  rise  from 
tbe  plexus  of  biliary  vessels  which  arc  hire  injected  and  surround  the  uninjected 
portion  of  the  substance  of  the  lobules  d,d;  c,  cellular  substance  between  the 
lobules. 
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vidual  lobules,  the  branches  of  the  {^l-duct3penetrate(Fig.CCVII), 
and  there  form  anastomosiDg  rates,  which  surround  single  groups  of 
cells  like  islets"*.   Some  observers  describe  the  final  ends  of  the  se- 

'**  The  •tructnre  of  the  lirer  ie  to  hud  of  discover;,  and  b^II  cootinues  sui- 
rounded  bj  such  obicuiitj,  Ihst  everf  view  which  hsa  jet  been  published  leaves 
something  of  doubt  upoD  the  mind  as  to  ita  perfect  accurecj.  That  the  acini  are 
not  thin-vralled  cells  in  the  aame  sense  as  the  blind  ends  of  other  glands,  I  hold  fbr 
certun.  They  consist  of  a  thick  layer  of  angular  cells,  as  stated  above.  That  they 
■re  associated  into  lobules  with  blunted  processes,  and  that  these  again  are  sepa- 
rated from  one  another  by  cellular  tissue  (Fig.  CCVL),  seems  to  me  equaUy 
certain.  I  And  it  much  more  difficult  to  aa;  how  the  different  veaseli — the  lait 
subdiviaionsofthe  venaportK,  ofthevenahep&tica,andof  the  ductus  bepaticus — 
comport  themselves  in  tbe  interior  uf  the  lobules.  I  regard  the  beautUuI  flgurei 
and  the  descriptions  of  Mr.  Kieman  {PhUot.  Traiu.  1833)  as  the  best  and  most 
accurate  that  have  yet  been  published,  although  they  very  certainly  also  include 
many  mistakes.  They  agree  in  general  with  my  own  particular  obserratiooa. 
But  a  very  distinguished  observer,  Kraute,  combats  tbe  views  of  EiemsD,  hold- 
ing them  for  hypothetical.  Krause  succeeded  with  the  sssistance  of  the  air-pump 
in  filling  blind  terminal  vesicles  in  the  liver  of  the  hedgehog  with  injection ;  he 
also  filled  the  same  vesicles  partially  with  mercury,  so  that  individual  acini  be- 
came visible  with  the  naked  eye  on  the  surface  of  the  liver.  Krause  in  MDller's 
Archiv,  1837,  S.  16.  All  my  attempts  to  inject  the  liver  of  the  hedgehog  with 
mercury  have  hitherto  failed.  It  is  to  be  understood  that  when  I  speak  of  tbe 
achunu  structure,  and  of  the  acini  of  the  liver,  I  do  not  use  the  words  in  the 
same  sense  as  Malpighi  and  the  older  anatomists. 


J.  Fig.  CCVIII.  View  of  three  lo- 

bules of  the  liver  cut  across,  the  cen- 
tre of  each  occupied  by  the  ramifica- 
tions of  the  intralobular  (the  hepatic) 
vein,  aaa.  bbb,  Branches  of  the 
2/  /   vena   poitte    which    course    in    the 

spaces  between  the  lobules,  surround- 
ing these  and  constituting  the  intra- 
lobular veins.  Numerous  ramnscles 
penetrate  into  the  interior  of  the  lo- 
bules and  anastomose  with  tbe  intra- 
lobular or  hepatic  veins.  The  round- 
ed and  oval  interspaces  or  islets  be- 
tween these  vessels  are  filled  or  pos- 
sessed by  the  biliary  vessels  (Fig. 
CCVIl.)  and  form  the  acini  ofMalpighi.    After  Kieman. 
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creting  element  of  the  liver  of  mammals  as  hollow  acini  or  vesicles 
with  thin  parietes,  from  the  40th  to  the  50th  of  a  line  in  dia- 
meter, and  capable  of  being  distended  by  air  thrown  into  the 
gall-ducts  with  which  they  are  connected.  For  this  structure 
we  have  the  assurance  of  analogy,  from  what  we  witness  in  the 
constitution  of  the  other  glands,  the  mode  of  evolution  of  the 
liver  itself,  and  the  structure  of  the  organ  in  the  invertebrate  series 
of  animals.  In  fact,  if  we  turn  to  the  cray-fish  and  common  garden 
snail,  we  find  the  precise  structure  in  question.  In  the  cray-fish 
the  liver  consists  entirely  of  small  pointed  coeca  clustered  like  grapes; 
in  the  snail  it  is  made  up  of  blind,  rounded,  terminal  vesicles,  which 
may  be  blown  up  with  air  from  the  biliary  ducts'*'.  If  we  farther 
examine  the  liver  of  the  larva  of  the  water-newt  (Fig.  CCIX.  B. ) 
we  see  distinct  clusters  of  ccecal  canals,  or  round  terminal  cells,  like 
islets  surrounded  by  subdivisions  of  the  hepatic  vein.  But  these 
coecal  canals  at  all  events  are  not  thin-walled  cells  ;  they  are  almost  as 
compact  as  the  acini  of  the  fully  formed  liver  of  the  highest  mammal. 

Elementary  parts  of  Glands, 

§  196.  The  proper  substance  of  glands  is  not  formed  by  or  out  of 
the  ordinary  cellular  substance,  but  by  and  from  other  more  or  less 
distinctly  cellular  elements.  This  anatomical  truth  is  particularly 
evident  in  the  liver  (Fig.  CCI V.  A).  Here  the  parietes  of  the  acini 
consist  entirely  of  compact,  irregularly  rounded  or  angular  cells,  of 
about  y  J^yth  of  a  line  in  magnitude'**.    The  cells  of  the  liver  inclose 

^^  See  on  this  subject  the  representations  of  MUller  in  his  work  on  the  glands, 
Tab.  viii.,  ix.,  x. 

'^  The  cells  of  the  liver  are  particularly  distinct.  I  have  found  the  perfect- 
ly fresh  human  liver  the  most  favourable  subject  for  their  demonstration.  The 
blunt  lobules  of  the  liver  (Fig.  CCIV.  A)  appear  to  be  entirely  composed  of 
them.  Under  pressure  they  immediately  fall  asunder  into  individual  cells  (Fig. 
CCIV.  B).  In  the  liver  of  a  man  of  40,  who  had  shot  himself,  and  whose 
body  was  examined  in  the  greatest  state  of  freshness  possible,  I  found  the  very 
distinct  rather  angular  than  rounded  cells  not  so  very  soft,  but  on  the  contrary 
capable  of  resisting  a  pretty  considerable  degree  of  pressure  ;  they  measured  in 
the  mean  the  T^th  of  a  line  in  diameter,  but  they  were  oflen  of  the  V&^b  and 
sometimes  not  more  than  the  jirs^^  of  a  line  in  magnitude ;  they  exhibited  a 
distinct  clear  nucleus,  which  was  rather  smaller  than  a  blood-corpuscle,  and  they 
were  all  filled  with  a  fine  molecular  matter ;  several  of  them  contained  in  addition 
larger  deep-yellow  or  blackish  molecules.   [These  dark  molecules  seem  to  be  glo- 
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a  distinct  clear  nucleus  and  a  yellowish-coloured  molecular  matter 
in  their  interior.  The  cells  are  like  the  stones  of  a  piece  of  ancient 
bules  of  tetty  matter,  sad  the  recent  reiearcbM  of  Mr.  Bowiiisd  (Abstnct  of 
paper  read  at  the  Royal  Society,  in  Lonett,  Jan.  22,  1842)  bare  ihown  that  the 
well  known  greasy  or  fat  liver  of  pbtbins  a  a  conaequence  of  its  esceiuve  ac«u- 
raulalion — a  very  iDtereatiDg  fact  in  pathology,  and  doubtleu  coDoected  with 
the  imperfect  oiygcnaCioD  of  the  carbonaceous  principle  which  must  accompany 
Tetjnntion  perfonnedwithBhalforaquarteroftbenonnalquantity  oflung  R.W.] 


Fio.  CCIX. 


h 


\ 

Fio.CCIX.A.Atam 
of  tbe  water- Dewtofibe 
natural  site;  a,  liver;  t, 
atomach;  c,  gall-hlad- 


B.Tfaelircroftbiilar> 
va  magnified  40  limet- 
Tbe  darii  coloured 
Btreamleta  of  blood  arc 
seen  BUTTOundiog  the 
hepatic  lobules,  which 
consist  of  aggre^ted 
racenufonu  cteca.  The 
vBocuIar  channels  rc- 
preiented  are  those  of 
the  hepatic  vtan. 
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masonry,  irregularly  applied  to  one  another.     Externally,  where 
the  blood-vessels  play  around  them,  fibres  of  cellular  tissue  are  added. 
An  epithelial  coyering  of  flat  tessellated  cells  first  makes  its  appear- 
ance in  the  larger  branches  and  trunks  of  the  gall-ducts.     In  other 
cases,  as  in  the  glands  of  the  stomach,  for  instance  (vide  §  133), 
the  substance  of  the  glandular  parietes  consists  of  rounded  dark  gra- 
nules, not  obviously  formed  like  cells,  which  appear  to  be  arranged 
or  packed   between   a  very  delicate    external    envelope    turned 
towards  the  blood-vessels,  and  an  internal  epithelial  investments^. 
The  cellular  structure  of  the  parietes  of  the  ventricular  glands  is 
however  very  apparent  in  young  birds  (Fig.  CLXXIII.  B).    In 
other  glands,  moreover,  we  recognize  the  cellular  structure  with 
different  degrees  of  distinctness, — in  the  tubuli  uriniferi,  for  ex- 
ample, where  the  cells  have  nuclei,  but  are  far  from  being  so  compact 
and  are  not  nearly  so  readily  isolated  as  in  the  liver  (Fig.  CC).     It 
is  difficult  to  say  in  how  far  this  cellular  structure,  which  may  be 
followed  to  the  very  ends  of  the  canaliculi,  belongs  to  the  inner- 
roost  layer  of  the  glandular  paries,  or  is  connected  with  the  epi- 
thelial investment  which  appertains  to  the  trunk  and  larger  branches 
of  the  excretory  duct  of  every  gland.    Apparently,  however,  there 
are  always  several  layers  of  flattened  cells  placed  one  upon  another, 
over  which  a  structureless  membrane  is  drawn  externally,  and  this 
is  the  part  that  is  surrounded  immediately  by  the  vascular  reticula- 
tion.    Certain  it  is,  that  wherever  we  find  secreting  follicles,  they 
consist  of  a  number  of  more  or  less  distinctly  cellular  or  fibrous 
layers,  which  lie  as  the  proper  substance  of  the  gland  betwixt  the 
external  net-work  of  blood-vessels  and  the  inner  wall  whence  the 
secreted  matter  distils  away'''^. 

^'  I  have  already  had  occasion  to  mention  the  difficulty  experienced  iii  ascer- 
taining the  structure  of  the  glands  of  the  stomach  in  mammals.  What  relation 
the  granules  have  to  the  substance  of  the  gland  has  not  yet  been  certainly  ascer- 
tained. 

^^  The  minute  structure  of  the  glands  is  among  the  most  difficult  subjects  of 
microecopicid  investigation,  and  we  are  still  without  a  connected  and  complete 
treatise  upon  it,  a  want,  however,  that  is  likely  to  be  soon  supplied  by  Henle, 
whose  observations  will  appear  in  the  volume  of  the  new  edition  of  Soemmering*s 
Anaiamjf^  which  he  has  undertaken  to  superintend.  [The  volume  here  alludeclto 
has  now  been  before  the  public  for  some  months,  and  I  believe  that  Mr.  Smith  will 
shortly  make  it  accessible  to  the  English  reader  in  a  translation.   See  farther  on 
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Origin  of  the  Glands* 

§  197.  In  our  account  of  the  development  we  have  ahready  had 
occasion  to  advert  to  this  subject.  We  have  seen  that  the  greater 
number  of  the  secreting  glands  arise  from  the  mucous  lamina  of  the 
germinal  membrane,  and  like  the  salivary  glands,  the  lungs,  the 
liver,  the  pancreas,  are  to  be  regarded  as  evolutions  of  this  mem- 
brane or  of  the  intestinal  canal.  This  view  is  liable  to  misappre- 
hension, by  the  process  of  evolution  being  conceived  in  a  purely  me- 
chanical way'''*.     The  general  plan  of  the  evolution  of  the  secreting 

the  intimate  structure  of  secreting  glands  in  my  account  of  Mr.  Goodsir*8  views 
in  the  annotation  under  §  209,  which  treats  of  the  mechanism  of  secretion. 
R.W.] 

^''^  All  that  has  heen  lately  urged  against  the  admission  of  these  laminas  of  the 
germinal  memhrane,  is  quite  just  in  so  far  as  it  is  directed  against  a  merely  me- 
chanical mode  of  viewing  the  structure.  There  is  nevertheless  a  positive  dif- 
ference in  the  three  layers  of  the  germinal  membrane,  though  no  one  has  had 
this  mechanical  separation  presented  to  him  in  nature  in  the  same  precise  way 
as  it  has  been  used  to  convey  a  clear  idea,  a  dogmatic  exposition  of  the  matter. 


Fig.  CCX. 


Fig.  CCX.  Rudiments  of  the  liver  formed  by 
evolution  from  the  tractus  intestinalis  in  the  embryo 
of  the  fowl  of  the  4th  day.  After  MOller— i>e 
Gland,  ffc. 


Fig.  CCXI. 


^  Fig.  CCXI.  Liver  and  pancreas  of  an  embryo  of  the  fowl  at 
the  end  of  the  4th  day,  magnified  12  times  linear,  a,  the 
liver  ;  6,  the  pancreas ;  c,  the  stomach ;  d  d^  the  lungs. 
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glands  is  as  follows.  At  tbe  place  where  the  gland  is  to  be  form- 
ed,— take  the  liver  or  the  pancreas  as  a  particular  instance,  (Fig. 
CCX.  CCXI.  &  CCXII.  a  b),  a  rough  projection  appears  upon  the 


Fig.  CCXII.  The  Mme  puts  in  another 
embryo  more  hi^lf  nugDified,  to  eshibit 
the  undoubtedly  cellular  and  racemose 
structure  of  the  Utct  and  pancreas. 


Fig.  CGXIIL  The  liver  more  advanced  than  in  last 
figure  ftom  an  embryo  of  tbe  fowl  of  the  6th  day.  It  ia  not 
only  divided  into  two  lobes  but  ahowa  minute  coeca  in  its 
interior.    After  MtUler. 


Fig.  CCXIV.  iUmifi. 
cation*  of  the  bronchi  from 
the  embryonic  Faico  tinnun- 
culuB,  to  show  the  way  in 
which  they  iprout  as  blind 
canals.  Both  figures  are  mag- 
nified about  150  times. 
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intestine.  This  projection  consists  of  a  delicate,  finely  granular,  and 
pale  tissue, — the  blastema,  as  it  is  called,  which  was  in  former  times 
looked  upon  as  without  structure.  By  watching  this  part  we  see  how 
particular  divisions  make  their  appearance  within  it,  (Fig.  CCXIII.) 
which  by  and  by  form  lobules  or  club-shaped  bodies^  and  are  the  ele- 
ments or  ground-work  of  the  future  ccecal  canals  where  these  are  to 
appear.  It  is  now  that  a  kind  of  solution  of  the  internal  contents 
of  the  mass  or  masses  takes  place,  or  rather  that  distinct  walls  with 
double  contours  are  produced.  This  is  to  be  seen  most  beauti- 
fully displayed  in  the  lungs  (Fig.  CCXIV)'".  And  now  appears 
the  true  glandular  skeleton,  as  it  has  been  described  in  speak- 
ing of  the  conformation  of  the  glands.  Would  we  follow  this 
generation  of  the  glands  step  by  step,  a  gland  must  be  chosen 
in   which   the  ramifications  of  the  excretory  duct  can  be  seen 


'"^^  That  the  lungs  are  to  he  viewed  as  the  prototype  of  all  secreting  ^ands 
has  already  been  urged. 


Fig.  CCXV. 


Fig.  CCXV.  Rudimento  of  the  parotid 
gland  in  the  embryo  of  a  sheep,  two  inches 
in  length  magnified.     After  MUller. 


Fio.  CCXVI. 


\ 


\ 


FiG.  CCXVI.  First  appearance  of  the  parotid  gland  io  a 
^     human  embryo  of  the  seventh  week ;  magnified  twice. 
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amidst  the  clearer  blastema,  from  the  simple  rudiment  to  the 
term  of  extreme  complexity.  In  young  embryos  of  the  sheep 
(Fig.  CCXV.)  we  can,  with  the  aid  of  the  simple  lens,  see 
the  excretory  duct  of  the  parotid  still  simply  branched,  the  se- 
veral branches  enlarged  like  buds  at  their  extremities,  aad  but 
seldom  divided.  The  same  thing  may  be  seen  in  small  human 
embryos  (Fig.  CCXVI.)  To  follow  the  onward  evolution,  em- 
bryos successively  more  and  more  advanced  must  bo  procured,  and, 
the  parotid  being  removed,  it  is  to  be  examined  with  a  low  power 
and  aa  an  opaque  object  (Fig.  CCXVII.)  The  clearer  blastema 
of  the  gland  now  appears  dark,  and  the  excretory  duct,  which  con- 
sists of  a  firmer  granuUr  mass,  appears  white  and  in  the  form  of  an 
el^ant  and  numerously  branched  tree.  The  leaf-like  ends  now 
undergo  transformation  into  blind  vesicles,  whilst  the  branches 
and  twigs  of  the  tree  become  hollow,  and  unite  themselves  to  the 
excretory  duct  (Fig.  CCXVII.)  The  blood-vessels  are  seen  enter- 
ing the  blastema  in  the  shape  of  dark  ramifications  (Fig.  CCXVII.) 
but  of  much  smaller  diameters  than  those  of  the  ramified  glan- 
dular canal.  The  finest  elements  of  the  secreting  follicles  do  not 
consist  properly  of  cells ;  in  the  liver,  for  example  (Fig.  CCX  VIII.), 


Fio.  CCXVII.  Lobulw  of  the  paro- 
tid gland  with  the  excretory  duct* 
ftom  the  embryo  of  a  sheep  four 
iachea  lung,  magniAed  8  titnea.  A(~ 
terMUUer. 


4la  SECRETION. 

they  are  extremely  soft,  roundish,  granular  corpuscles'",  which  give 
to  the  larger  lobules  (A)  a  racemiform  apt)eatance.  It  is  betwixt 
these  major  divisions  or  lobules  that  the  blood-vessels  make  their 
entrance  (Fig,  CCXVIII,  B,  a,  a),  none  ever  penetrating  betwixt 
the  finest  elements  of  all"*. 

'"  When  we  spe&k,  ss  we  do  here  uid  in  Tarious  other  places,  of  gnmula  in 
connexiou  with  cells,  it  is  mesDt  to  be  iDtiniated  that  there  are  formatioDB  to 
which  the  recent  cellular  theory  has  not  yet  been  found  applicable.  One  of  the 
most  distinguished  among  living  phjgiologistB,  Purkinje  of  Breslaw,  upon  occi' 
uoa  of  my  notice  of  (he  work  of  Schwann  (Jlft1ro«AopttcAe  Unierruehmigen,  ^.)< 
the  great  importance  of  which  was  immediately  and  generally  felt,  observed  witb 
perfect  propriety  that  it  was  still  too  soon  to  pret«nd  to  establish  any  general 
theory  upon  hia  observations,  and  that  any  such  unifonn  fornaation  of  cells  u 
undoubtedly  occuRed  in  the  vegetable  world,  would  not  be  very  easy  to  iodiutr 
in  the  animal  kingdom,  that  there  were  minute  granular  formations,  elemeoUr; 
conatituentB  of  the  animal  tissues,  &c.,  that  could  not  with  any  show  of  reuon 
or  propriety  be  called  cells. 

^*  The  same  formations  are  visible  in  7  or  S  day  embryos  of  the  commonfbirl 
as  well  as  in  the  embryo  of  the  Falco  tinnunculus;  the  liver  is  seen  to  be  very  di)- 
tinctlj  composed  of  large  granular  but  pale  cells,  nhich  associate  into  imperlecl 
racemes;  a  cluster  of  this  kind  (Fig.  CCXVIII.  A),  measures  ^tii  ofaline;  be- 
tween Ibe  clusters  blood-vessels  appear  that  seem  to  be  without  bounding  parielei- 
The  development  of  the  glands  of  the  stomach  may  also  be  very  advantageously 
examined  in  such  or  in  still  smaller  embiyos.  Here  there  are  small  ibimble'like 
depressions  observed,  each  of  which  represents  a  ventricular  glandular  sac,  and 
consists  uf  mere  cells ;  every  such  depression  is  surrounded  by  a  minute  atretm  of 


Fia    CCXVIII. 

B  CCXVIII.  A  couple 

of  feathery  tobnles  from 
the  embryo  of  the  Falco 
tinnimculus  or  Hobby, 
1 4  lines  in  length ;  the 

.  subatance  of  the  live;  ' 
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Di$tribution  of  Vessels  in  Olands, 

§  198.  Glands  in  general  derive  their  blood  from  arteries,  and  all 
that  is  not  used  for  purposes  of  secretion  returns  in  the  usual  way 
through  veins  and  lymphatics  into  the  general  current  of  the  circu- 
lation.    The  lymphatics  of  glands  are  often  very  large  and  conspi- 
cuous ;  those  of  the  liver  are  particularly  so.    Among  vertebrate 
animals  the  liver  receives  but  a  small  portion  of  its  blood  from  an 
arterial  source,  and  this  appears  to  be  exclusively  expended  upon 
the  gall-bladder,  the  gall-ducts,  and  the  coats  of  the  larger  vascular 
trunks,  though  branches  of  the  hepatic  artery  can  also  be  followed 
entering  along  with  the  cellular  substance  of  the  organ  between  its 
several  component  lobules.     The  blood  from  which  the  bile  is  pre- 
pared is  received  from  the  portal  vein,  which  ramifies  through  the 
substance  of  the  liver,  and  at  length  anastomoses  with  the  finest 
subdivisions  of  the  hepatic  vein,  which  spring  from  the  deeper  parts 
and  then  flow  round  about  the  clusters  of  hepatic  cells   united 
into  coecal-looking  lobules  (Fig.  CCIX.  B).      In  the  two  lower 
classes  of  vertebrate  animals  there  is  an  extension  to  the  kidneys 
of  the  same  system  of  circulation  which  we  observe  among  the 
two  higher  classes  confined  to  the  liver.     In  amphibia  and  fishes  a 
portion  of  the  blood  returning  from  the  hin4-legs,  tail,  abdominal 
parietes,  and  even  some  of  the  viscera,  is  distributed  to  the  kid- 
neys ^^.     But  whether  the  material  for  the  secretion  of  the  urine  is 

Uood-corpuicles  in  the  form  of  a  wreath,  which  just  occupies  the  space  hetween 
one  sac  and  another.  On  the  development  of  the  saliyary  glands  vide  particularly 
MOUer  loc.  cit.  and  E.  H.  Weher  in  MeckePs  Archiv,  f.  1827,  tah.  iv. 

^'  One  of  the  most  important  and  difficult  tasks  in  organic  chemistry,  were  to 
investigate  the  differences  in  the  hlood  circulating  through  the  interiors  of  dif- 
ferent organs.  Scarcely  has  a  single  step  heen  taken  towards  solving  this  problem. 
Vide  §  199  and  Annot.  378.  The  blood  which  would  obviously  lend  itself  best 
to  inquiries  in  this  direction  would  be  that  of  the  portal  system.  C.  H.  Schultz 
(/>«•  L^bens-process  de$  Pfartader'Sifstems,  ^c,  The  Vital  Process  in  the  Portal 
Sjfsteniy  &c.  a  paper  read  before  the  Hufelandian  Med.  and  Chirurg.  Society  of 
Berlin,  1837,)  says :  "The  peculiarities  of  the  blood  of  the  vena  portse  appear  to 
be  intimately  connected  with  the  nature  of  the  motion  of  the  blood  in  this  sys- 
tem, and  its  peculiar  office.  The  blood  of  the  portal  system  contains  a  smaller 
quantity  of  organized  plasma  than  ordinary  arterial  and  venous  blood,  whence 
the  smaller  quantity  of  fibrine  obtained  from  it  and  the  less  perfect  coagulation 
it  undergoes ;  but  in  all  its  constituents  there  is  a  much  larger  proportion  of 
a  peculiar  brown  fat,  and  a  great  preponderance  of  colouring  matter  in  the  en- 

2  R 
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afforded  from  this  source  or  not  is  doubtful ;  for  the  kidneys  here 
still  receive  arteries  of  considerable  magnitude,  the  finer  twigs  of 

velopes  of  the  blood.corpuscles  (the  capsules  of  the  blood-Tesicles,  Auctor)^  and 
proportionally  less  albumen  also  of  peculiar  quality.  The  whole  blood  is  more 
watery,  and  coagulates  imperfectly  by  reason  of  the  less  perfect  constitution  of 
the  plasma,  and  sometimes  it  will  not  set  at  all.  It  were  interesting  to  inquire 
into  the  origin  of  these  peculiarities  of  the  blood  of  the  portal  system,  and  farther 
into  the  purpose  they  serve,  and  the  influence  they  exert  on  the  motions  of  this 
blood."  [Dr.  Schultz*s  view  of  the  portal  system  is  very  mysterious.  He  con- 
ceives it  to  stand  in  a  particular  relation  vrith  the  blood-corpuscles,  which  here 
undergo  a  degeneretion  :  the  capsular  element  of  these  bodies  becoming  exces- 
sively developed,  the  nuclear  and  more  essential  element,  on  the  contrary,  suf- 
fering absorption  even  to  entire  disappearance,  loc.  cit.  p.  7.  My  friend  Mr. 
Gulliver  has  examined  the  blood  of  the  portal  system  ag^ain  and  again,  and  has  nerer 
been  able  to  perceive  any  marked  difference  between  its  corpuscles  and  those  of  the 
blood  of  any  other  vein  of  the  body ;  and  he  has  also  found  those  organic  germs 
which  he  has  described  and  depicted  in  Grerber*8  Anatomy^  in  fibrinous  clots  ob- 
tained from  the  portal  and  splenic  veins.  For  my  own  part,  I  see  no  mystery  what- 
soever in  the  portal  circulation.  I  do  not  believe  that  the  principles  of  bile  are  con- 
tained in  the  blood  of  the  vessels  which  join  in  the  formation  of  the  vena  ports, 
in  larger  quantity  than  in  the  blood  of  the  vena  cava,  any  more  than  I  imagine  that 
the  principles  of  urine  are  contained  in  larger  quantity  in  the  blood  of  the  emul- 
gent  arteries  than  in  that  of  the  common  iliacs.  Bilin  and  urea — taking  the  two 
distinguishing  principles  of  bile  and  urine  as  their  representatives — seem  to  be  alike 
products  of  the  vital  chemistry  which  goes  on  in  every  individual  constituent 
atom  of  the  body.  We  have  evidence  of  the  existence  of  bilin  in  the  blood  at  all 
times,  in  the  phenomena  of  bruises ;  and  Magnus  has  shown  that  urea  is  always 
present  in  the  circulating  fluid.  I  view  the  portal  circulation  as  a  simple  means 
of  economizing  arterial  blood.  The  supply  of  so  large  a  viscus  as  the  liver  with 
arterial  blood,  would  have  implied  an  increase  in  the  pulmonary  system  espe- 
cially, to  an  extent  that  must  have  been  felt  as  inconvenient.  Had  the  liver 
been  furnished  with  arterial  blood  as  the  means  of  affording  bile,  it  must  obvi- 
ously have  had  a  vessel  sent  to  it  of  a  calibre  equal  to  the  sum  of  the  vessels 
whose  contents  are  finally  collected  into  the  portal  vein.  But  Nature  goes  to 
work  more  economically ;  she  first  uses  the  blood  of  the  great  abdominal  arteries 
to  vitalize  the  viscera,  and  then,  gathering  this  into  a  common  trunk,  she  sends  it 
to  minister  to  the  function  of  the  liver ;  as  a  Vivifying  fluid  this  blood  is  ex- 
hausted, indeed,  but  subjected  to  the  elective  attraction  of  the  liver  it  will  sUll 
yield  the  elements  of  bile. 

If  we  observe  this  husbandry  of  arterial  blood  in  the  higher  animals,  among 
which  the  respiratory  system — the  immediate  agent  in  the  production  of  bright 
blopd — ^is  most  perfectly  developed,  we  might,  apriori^  have  expected  an  extension 
of  the  same  economic  plan  in  inferior  grades  of  creation,  where  the  pulmonic 
system  degenerates  so  notably.    And,  accordingly,  we  see  that  in  reptiles,  where 
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which  form  such  tangled  knots  as  we  observe  in  the  same  organs  of 
birds  and  mammals.  These  tangled  knots  of  vessels,  Malpighian 
bodies  as  they  are  called,  constitute  a  form  of  vascular  distribution 
that  is  peculiar  to  the  kidneys.  They  are  skein-like  convolutions 
of  the  arteries,  which  run  in  straight  (Figs.  CCXIX.  CCXX.)  lines 
between  the  tubuli  uriniferi,  before  resolving  themselves  into  the 
finest  capillary  net-works.    They  occur  in  largest  numbers  inter- 

the  lungs  become  ceilular  sacs,  and  among  fishes,  where  they  are  replaced  by 
^lla,  that  not  only  is  the  Uver,  but  the  kidney  also,  supplied  with  venous  blood, 
doubtless  for  the  purpose  of  affording  to  each  of  these  organs  the  materials  of 
its  appropriate  secretion, — for  to  ask  whether  secretion  can  take  place  from  venous 
blood  or  not  ?  has  always  seemed  to  me  a  somewhat  puerile  question.  Had  not 
accretion  been  destined  to  take  place  from  venous  blood  in  man  and  the  mam- 
malia, Nature  would  not  have  been  at  the  pains  to  distribute  it  through  the 
liver  in  mammals  and  birds,  through  the  liver  and  kidney  in  reptiles  and  fishes, — 
the  existence  of  so  peculiar  an  arrangement  as  we  observe  in  the  portal  system 
of  the  liver  and  kidney,  is  already  an  answer  to  the  question ;  the  end  of  it  is,  as 
I  have  said,  to  economise  arterial  blood.  Vide  my  paper  on  the  Signification  and 
Ends  of  the  portal  circulation  in  Lond,  and  EcUnb.  Monihly  Journal  of  Med. 
Science^  for  Sept.  1841.    R.  W.] 


Fig.  CCXIX. 


Fio.  CCXIX.  Malpighian  bodies  of  the  kidney  of  the 
water-newt  (Triton  palustris),  after  Buschke,  in  Tied,  «. 
Trevir.  Zeitschrify  B.  4,  Tab.  vi. 


Fw.  CCXX. 


Fig.  CCXX.  Malpighian  bodies  from  the  kidney 
of  an  owl  (Strix  aluco),  fully  injected  and  largely 
magnified. 
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spersed  among  the  tubuli  uriniferi  of  the  cortical  substance,  (Fig. 
CXCVIII.  A  and  B.),  but  they  are  also  observed  more  thinly  scat- 
tered in  the  medullary  substance.*  The  vessels  of  the  most  minute 
vascular  net-works  are  everywhere  much  smaller — from  twenty  to 
thirty  times  smaller — than  the  finest  coecal  and  secreting  glandular 
tubules,  and  never- terminate  in  these,  as  they  were  once  univer- 
sally,  and  as  they  have  even   very  recently  been  supposed  to  do. 

*  [Mr.  Bowman,  in  a  paper  (On  the  Structure  and  UseoftheMalpigldan  BotUetjJ 
read  before  the  Royal  Society  in  February  1842,  (Abstract  in  the  Lancet,  April 
16,  1842)  informs  us  that  the  results  of  his  enquiries  lead  htm  to  conclude  that 
the  Malpighian  bodies  consist  essentially  of  '*  small  masses  of  vessels  contained 
within  the  dilated  extremities  of  the  uriniferous  tubes.**     The  tubes  themselves 
consist  of  an  outer  transparent  membrane  lined  by  epithelium.    This  membrane 
is  expanded  over  the  knot  or  tuft  of  vessels,  and  constitutes  the  capsule  de- 
scribed by  Mttller.    The  epithelium  lining  the  uriniferous  tube  is  altered  in  its 
character  where  the  tube  is  continuous  with  the  capsule,  becoming  more  transpa- 
rent and  being  furnished  with  cilia  which  act  in  a  direction  down  the  tube.    The 
renal  artery,  after  entering  the  kidney,  divides  into  minute  twigs — ^the  aflTereot 
vessels  of  the  Malpighian  tufts.  After  the  afferent  vessel  has  pierced  the  capsule 
to  which  it  belongs,  it  dilates,  and  suddenly  divides  and  subdivides  into  minute 
branches,  terminating  in  convoluted  capillaries,  which  are  collected  in  the  form 
of  a  ball ;  and  from  the  interior  of  the  ball  the  solitary  efferent  vessel  emerges, 
passing  out  of  the  capsule  by  the  side  of  the  afferent  vesseL    The  ball  lies  loose 
and  bare  in  the  capsule,  with  which  it  is  connected  only  by  its  associated  afferent 
and  efferent  vessels.    The  efferent  vesseb,  on  leaving  the  Malpighian  bodies, 
enter  separately  the  plexuses  of  capillaries  which  surround  the  uriniferous  tubes, 
and  supply  these  plexuses  with  blood.    The  plexuses  lie  on  the  outside  of  the 
tubes,  and  from  them  the  renal  vein  arises  by  numerous  radicles.    The  blood  in 
its  course  through  the  kidney  consequently  passes  through  two  distinct  systems 
of  capillary  vessels;  1.  Through  that  within  the  capsules  or  extremities  of  the 
uriniferous  tubes ;  2.  Through  that  on  the  exterior  of  these  tubes.    These  effer- 
ent vessels  of  the  Malpighian  bodies  Mr.  Bowman  describes  collectively  as  con* 
stituting  A  portal  system  of  the  kidney,  t.  e.  a  system  conveying  blood  between 
one  capillary  rete  and  another,  like  the  vena  ports  of  the  liver. — ^The  anatomical 
facts  here  set  forth  are  interesting  and  valuable,  but  it  is  probably  a  stretching 
of  analogies  to  conceive  the  efferent  vessels  of  the  Malpighian  bodies  as  elementa 
of  a  portal  system  like  that  of  the  liver.    The  Malpighian  bodies  have  been  ge- 
nerally regarded  as  of  the  same  essential  nature  as  the  retia  mirabilia  which  we 
observe  on  the  principal  arteries  of  many  of  the  lower  animals ;  the  efferent  ves- 
sels of  Mr.  Bowman  seem  to  me  continuations  of  the  renal  artery,  not  veina.     It 
would  be  difficult,  too,  it  strikes  me,  to  prove  the  origin  of  a  uriniferous  tube  at 
each  Malpighian  body.    The  uriniferous  tubes  loop  repeatedly,  and  pass  round 
into  one  another — ^a  fact  which  is  against  this  idea.    B^  W.] 
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They  rather  play  round  the  individual  terminal  portions  of  the 
glandular  skeleton,  they  never  even  penetrate  between  the  consti- 
tuent cellular  elements  of  this"^.     The   parietes  of   the    blood- 

^  The  Dutch  anatomist  Ruysch  is  generally  known  to  have  made  his  minute 
injections  a  means  of  spreading  abroad  the  error,  at  one  time  universally  admit- 
ted as  a  truth,  that  the  glands  consisted  entirely  of  blood- yessels,  and  so  of  throw- 
ing discredit  upon  the  correcter  notions  of  Malpighi,  who  admitted  a  peculiar 
glandular  substance,  although  he  was  not  acquainted  with  the  finerelements  of  the 
glands.    From  the  time  that  Haller  advocated  the  views  according  to  which  the 
arteries  were  held  to  end  immediately  in  the  finest  subdivisions  of  the  excretory 
ducts  of  the  glands,  and  not  wholly  and  solely  in  veins,  this  hypothesis  remained 
among  the  number  of  anatomical  errors  almost  up  to  the  present  hour.    Till 
Buschke,  Weber  and  MOller  appeared,  it  was  held  that  an  immediate  transition 
of  arteries  into  excretory  canals  must  be  admitted,  more  especially  with  reference 
to  the  kidneys.     But  since  the  great  work  of  MtUler  upon  the  glands  was  given 
to  the  world,  the  prevailing  analogical  type  in  the  relations  of  the  glandular 
skeleton  to  the  vascular  system,  appeared  so  obvious,  and  the  conclusions  come 
to  obtained  such  general  assent  and  confirmation,  that  the  suspicions  cast  upon 
them  by  the  school  of  Vienna,  so  celebrated  of  late  years  for  its  skill  in  minute 
injections,  attracted  the  more  attention,  as  the  authority  of  this  school  has  with 
justice   been  held  great  in  this  department  of  anatomy.   Berres  and  Hyrtl  have 
again  described  and  represented,  on  the  authority  of  numerous  preparations,  the 
immediate  passage  of  arteries  into  the  tubuli  uriniferi.    All  that  I  have  myself 
seen  compels  me  still  to  give  my  undivided  adherence  to  the  views  of  Miiller ; 
even  the  dried  and  moist  preparations  of  Berres  and  Hyrtl  which  I  have  examined, 
beautiful  as  I  admit  them  to  be,  have  not  induced  me  to  swerve  in  the  slightest 
degree  from  this  adhesion.     I  hold  the  doctrine  of  the  anatomical  distinctness  of 
the  capillary  vessels  and  the  secreting  canals  to  be  alone  reconcilable  with  the 
fundamental  principles  of  modem  physiology.     This  abandoned,  a  host  of  indis- 
putable facts  of  another  kind  must  be  abandoned  also.    I  would  not,  however, 
be  supposed  to  maintain  that  the  firequent  and  perhaps  even  regular  passage  of 
fine  injections  firom  blood-vessels  into  secreting  vessels  observed  by  the  Vienna 
school  always  depended  on  a  laceration  of  the  parietes  of  the  containing  channels. 
I  believe  it  to  be  very  possible  that  the  very  finest  coloured  molecules  of  an  in- 
jection should  penetrate  between  the  component  elements  of  the  vascular  and 
glandular  structures,  or  perhaps  even  pass  through  them.     [I  remember  to  have 
heard  Mr.  Owen,  in  his  Lectures  at  the  Royal  College  of  Surgeons,  say  that 
be  could  fill  the  tubuli  uriniferi  with  an  injection  pushed  firom  the  arteries  or 
not,  at  will.    If  he  wished  to  fill  the  glandular  tubes,  he  had  only  to  use  the 
finest    vermilion  of  the  shops,  and  to  employ  a  certain  amount  of  force  with 
the    syringe;  if  he  wished  to  escape  filling  them,  he  had  the  fine  vermiUon 
of  the  ahops  carefully  levigated  anew,  and  then  washed  or  elutriated,  so  that  when 
a  sample  was  examined  under  the  microscope,  no  sharp  angular  particle  appear- 
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vessels  appear  to  be  of  the  very  thinnest  and  most  delicate  descrip- 
tion in  the  glands,'^'^. 

Chemistry  of  Secretion. 

§  199.  The  constituents  of  the  blood  which  is  circulated  through 
the  capillary  vascular  system  of  the  glands  generally,  must  undergo 
a  peculiar  alteration.  It  seems  indubitable  that  the  organic  sub- 
stances held  dissolved  in  the  plasma, — the  fibrin  and  albumen,  afford 
the  principal  materials  of  the  secretions ;  to  what  extent  the  hsematin 
and  the  fat  are  made  use  of  and  altered  in  the  glands  is  unknown. 
The  proper  cellular  element  of  the  glands  seems  to  be  the  imme- 
diate theatre  of  the  changes  undergone.  The  way  in  which  they 
occur,  and  the  kind  of  chemical  influence  which  the  cells  and  tissue 
of  glands  exert  are  completely  unknown,  and  can  neither  be  ex- 
plained from  the  nature  of  the  elementary  composition  of  the  glan- 
dular tissue,  nor  from  the  relations  of  the  mingled  elements  of  the 
blood.  It  can  only  be  owing  to  an  extraordinary  aptitude  in  the 
matters  indicated  to  enter  into  new  combinations,  that  changes  in 
the  proximate  principles  of  the  blood  should  by  possibility  take 
place  in  such  short  periods  of  time  as  they  do  within  the  glands. 
Organic  chemistry,  in  spite  of  its  boasted  advances,  leaves  us  here 
completely  in  the  dark ;  yet  from  organic  chemistry  alone  can  we 
expect  light  upon  the  subject*^. 

ed,  and  he  was  careful  not  to  push  his  injection  with  any  force.  By  these  pre- 
cautions he  obtained  as  perfect  an  injection  of  the  vascular  tissues  as  ever,  but 
completely  escaped  any  penetration  of  the  secreting  tubules.    R.  W.] 

^"^  It  is  not  necessary  to  have  recourse  to  injections  in  every  instance  to  obtain 
the  most  perfect  riew  of  the  distribution  of  the  vessels  of  glandular  parts.  They 
may  be  seen  in  the  greatest  perfection  upon  the  testis  of  our  common  small 
birds  in  the  spring  when  these  organs  are  in  a  state  of  peculiar  turgescence. 

^*^  [It  strikes  me  that  the  above  is  purely  speculative.  We  are  without 
evidence  that  the  fibrine,  albumen,  &c.  of  the  blood  undergo  peculiar  change  in 
the  secreting  more  than  in  any  other  organs.  The  only  change  they  suffer  is 
probably  to  the  slight  extent  in  which  they  must  be  altered  to  become  consti- 
tuents of  the  secreting  organs  themselves ;  they  are  not,  for  instance,  turned  in 
the  liver  and  kidney  into  bile  or  urine  any  more  than  they  are  turned  into  car- 
bonic acid  in  the  lungs :  the  bile  and  urine  and  carbonic  acid  are  in  all  likeli- 
hood engendered  together  in  every  constituent  particle  of  the  animal  body  during 
the  interchange  of  elements  which  we  know  to  be  essential  to  ritality;  and 
these  substances  are  purged  off  from  the  general  circulating  fluid  by  appropriate 
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Chemical  relations  of  the  Secretion  of  the  Uriney  Sweat  and  Milk. 

(bT   dr.  JX7L1U8  YOGSL.) 

§  200.  Healthy  human  urine  is  of  a  pale  citrine  or  deeper  reddish 

oi^gans ;  some  of  them  are  either  engendered  in  such  Urge  quantity,  or  are  so 
deleterious  to  the  economy,  that  the  whole  mass  of  blood  must  be  subjected  to 
the  purifying  process  in  the  organ  specially  connected  with  it — carbon  or  carbonic 
acid,  for  instance ;  others  are  produced  so  slowly,  or  are  so  little  deleterious,  that 
a  part  only  of  the  blood  is  subjected  to  the  action  of  the  organ  with  which  their 
elimination  is  connected;  this  is  the  case  with  reference  to  the  bile  and  the 
urine.  R.W.] 

In  the  paragraphs  that  immediately  follow,  the  chemistry  of  the  secretion  of  the 
urine  and  sweat,  the  pure  excreta  of  the  system,  is  treated  of  in  detail.  The 
milk,  too,  must  be  viewed  among  those  products  of  secretion  which  are  of  no 
aerrice  to  the  economy  in  which  they  are  formed,  and  with  reference  to  this,  are 
therefore  true  excretions.  The  other  secretions — ^the  semen,  saliva,  bile,  &c. 
have  been  considered  along  with  the  general  apparatus  of  which  they  are  the 
product  and  the  vital  processes  in  which  they  serve.  We  shall  have  occasion  to 
apeak  of  certun  other  secretions — ^that  of  the  tears,  for  instance,  by  and  by.  The 
chemistry  of  secretion,  in  its  connection  with  that  of  nutrition  and  with  the 
vital  processes  at  large,  belongs  to  the  general  physiology. 

This  might  be  a  fit  place  to  say  a  few  words  on  the  present  state  of  organic 
chemistry  in  its  relations  to  physiology.  One  of  the  most  distinguished  chemists 
of  the  age  has  reproached  physiologists  with  their  indifference  to  the  recent  vast 
progress  of  organic  chemistry,  (see  Uebig,  Organie  Chemutry  in  ita  applications 
to  AgricuUure  and  Physiology j  Englished  by  Playfiur.  8vo.  Edinb.  1840)  and  has 
quoted  passages  from  the  writings  of  celebrated  physiologists,  the  views  embodied 
in  which  I  am  myself  very  far  from  sharing.  I  shall  take  at  random  a  passage  from 
a  work  in  the  first  repute  on  organic  chemistry — Berzelius*s  last  edition  (1840) 
9th  voL  p.  235,  by  way  of  apology.  He  says  : — **  I  shall  first  give  Braconnot's 
analytical  researches  on  the  liver  as  the  most  complete  we  possess.  He  took  a 
portion  by  weight  of  the  great  lobe  of  an  ox*s  liver,  rubbed  it  down  to  a  pulp  in  a 
marble  mortar,  diluted  this  with  water,  and  strained  it  through  a  piece  of  fine 
taffeta.  The  greater  part  of  the  mass  was  fiiund  to  have  become  dissolved,  and 
passed  through  the  filter,  upon  which  the  crushed  vessels  only  were  found  to 
remain,**  &c.  Such  a  procedure  may  be  good  in  a  chemical  point  of  view,  but  when 
physiologically  considered  it  is  very  objectionable.  In  this  rude  way,  however, 
have  all  the  analyses  of  organic  parts  which  we  possess  been  hitherto  undertaken ; 
the  most  varied  and  heterogeneous  organic  parts  have  been  included  in  the 
analysis ;  what  means,  indeed,  have  we  of  separating  the  proper  substance  of  the 
liver  fix>m  cellular  tissue,  blood-vessels,  blood,  nerves,  &c.  ?  Has  chemical 
analysis  referred  the  manifold  modifications  of  fibrine  and  albumen  which  con- 
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yellow  colour,  it  has  a  specific  gravity  of  from  1005  to  1030;  a 
peculiar  animal,  sometimes  a  sweetish  or  aromatic  odour,  and  a  bitter 
saltish  taste^^^   In  general  it  shows  weak  acid  reaction^.   The  tern- 

Btitute  different  tissues  to  any  detenninate  laws  ?  Do  we  know  the  constituents 
of  the  blood  itself  exactly?  Can  we  upon  chemical  grounds  explain  the  re- 
markable and  most  obvious  difference  in  the  colour  between  venous  and  arterial 
blood  ?  These  and  many  other  questions  are  constantly  propounded  by  physi- 
ologists to  chemists,  and  answers  to  them  are  anxiously  looked  for.  All,  in 
congratulating  each  other  on  the  progress  of  their  respective  sciences,  chemists 
and  physiologists,  should  now  join  hands  and  strive  to  make  way  in  their  re- 
searches together. 

^'^^  The  colour  of  the  urine  presents  every  variety  of  shade,  from  the  palest 
straw  to  the  deepest  orange  or  yellowish  red ;  abnormal  urine  is  still  more  diver- 
sified in  its  tint ;  sometimes  it  is  turbid  and  chalky,  which  either  depends  on 
the  presence  of  a  precipitate  of  lithate  of  ammonia  [or  of  phosphatic  salts]  ;  not 
unfi*equently  it  is  of  a  deep  fiery  red,  but  clear,  and  occasionally  of  a  brownish 
blood-red,  and  turbid,  the  colour  in  the  latter  case  depending  on  the  presence 
of  blood  unaltered  or  decomposed ;  blue  and  black  urine  have  even  been  observ- 
ed. It  is  very  proper  to  be  aware  that  the  normal  urine  will  sometimes  be 
deeply  tinged  of  a  red  or  blue  with  the  colouring  matter  of  cheixies  and  other 
fruits.  The  specific  gravity  of  the  urine  is  also  subject  to  great  differences ;  it 
may  exhibit  any  density  between  1005  and  1030  vrithout  ceasing  to  be  perfectly 
normal,  the  differences  depending  on  the  amount  of  water  entering  into  the 
constitution  of  the  urine.  Any  density  above  1,030,  almost  certainly  indicates 
something  amiss.  [I  have  lately  examined  the  urine  passed  by  two  children, 
nearly  of  the  same  age,  one  of  a  slightly  scrofulous  constitution^  the  other  very 
healthy,  into  a  common  vessel,  and  have  been  surprised  to  observe  the  high 
density  which  it  sometimes  possessed.  The  following  are  a  few  of  the  numbers — 
November  29th,  1841,  8  a.m.  1031,  9  p.m.  1038  ;  dOth,  8  a.m.  1034,  9  p.m. 
1039;  December  1st,  8  a.m.  1037,  9  p.m.  1037;  2nd,  morning,  1027,  night, 
1035 ;  3rd,  morning,  1029,  night,  1035 ;  4th,  morning,  1034,  night,  1025.  The 
children  whose  urine  was  the  subject  of  observation  are  at  this  date  (June  1842) 
in  good  health.    R.  W.] 

'^  The  acid  reaction  of  the  urine  depends  on  the  presence  of  fi«e  lactic  acid ; 
an  alkaline  state  of  the  urine  is  much  rarer,  but  it  does  not  always  show  any* 
thing  morbid :  the  internal  use  of  almost  any  of  the  neutral  salts  formed  by  the 
combination  of  a  vegetable  acid  with  a  fixed  alkaline  base,  and  eating  a 
quantity  of  those  firuits  that  contain  salts  of  this  description,  which  all  our  sub- 
acid finiits  do,  will  cause  the  urine  to  exhibit  alkaline  reaction.  [A  constantly 
neutral  or  alkaline  state  of  the  urine,  without  any  cause  of  the  nature  of  those 
just  specified,  is  always  a  suspicious  circumstance.  It  very  certainly  indicates 
something  wrong  with  the  digestive  system,  or  a  chronic  affection  of  the  uro-poetic 
system,  which  I  should  imagine  apt  to  become  serious.    R.  W.] 
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perature  of  the  urine  is  that  of  the  body,  and  varies  from  96^  to 
10ff»F. 

Urine  just  voided  is  generally  clear ;  after  it  has  stood  for  some  little 
time,  a  very  faint  cloud  appears  in  it,  and  slightly  disturbs  its  trans- 
parency;  this  gradually  subsides  to  the  bottom,  and  when  examined 
under  the  microscope,  is  found  to  consist  of  epithelial  particles,  most- 
ly tessellated  epithelial  cells,  derived  from  the  urethra  and  bladder, 
connected  by  a  little  mucus,  which  in  its  original  semifluid  condi- 
tion is  scarcely  perceptible  under  the  microscope ;  it  immediately 
becomes  apparent,  however,  on  the  addition  of  a  small  quantity  of 
alcohol  or  acetic  acid,  reagents  that  cause  its  coagulation,  when  it 
presents  itself  as  an  amorphous  mass.  Healthy  urine  rarely  lets  fall 
any  proper  deposit ;  the  urine  that  is  voided  in  diseased  states  of  the 
system,  on  the  contrary,  very  constantly  does.  The  most  common  of 
all  the  sediments  is  that  which  consists  of  urate  of  ammonia;  this  is 
generally  of  a  reddish  yellow  or  pink  colour,  and  disappears — being 
redissolved — ^when  the  urine  is  heated.  A  sediment  of  uric  acid 
is  also  not  uncommon ;  this,  though  amorphous  in  some  cases  at 
the  first,  soon  shows  itself  as  distinct  crystals,  having  the  form 
of  rhomboidal  tables,  and  being  generally  of  a  red  colour.  Af- 
ter the  use  of  certain  articles  of  food  which  contain  oxalic  acid,  sor- 
rel for  example,  [rhubarb  and  tomatas],  the  urine,  normal  in  all 
other  respects,  always  contains  small  shining  octohedral  crystals 
of  oxalate  of  lime.  The  quantity  of  urine  passed  in  S4  hours  is 
very  variable  in  the  same  individual  at  different  times ;  it  may  not 
exceed  a  pound  or  a  pound  and  a  half,  it  may  amount  to  as  many 
as  four  or  five  pounds.  In  states  of  disease  we  have  fifteen  or 
twenty  pounds  of  urine,  and  more,  discharged  in  the  course  of  the 
day"'. 

m 

'^^  A  friend  of  the  writer  daring  his  tardy  convalescence  from  a  serious 
attack  of  disease,  was  at  the  pains  to  note  the  quantity  of  his  urine,  and  also  of 
the  solid  and  liquid  food  which  he  took  every  day  for  a  period  of  more  than  six 
months.  The  whole  quantity  of  urine  passed  during  189  days,  fit>m  the  middle 
•  of  November  to  the  middle  of  May,  amounted  to  9817  loths,  Bavarian  measure 
[A  loth  is  about  half  an  ounce.  R.  W.]  so  that  the  mean  quantity  for  a  day 
appears  to  be  51,94  loths  (very  nearly  26  ounces).  The  largest  quantity  dis- 
ehazged  in  any  day  was  in  November,  when  111  loths,  or  more  than  double  the 
amount  of  the  mean,  were  discharged  {  the  smallest  quantity  discharged  in  any 
day  was  in  April,  when  29  loths,  rather  more  than  the  half  of  the  mean,  were 

2  s 
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§  SOI.  the  chemical  constituents  of  the  urine  are  pretty  accurate- 
\y  known,  this  fluid  having  been  a  favourite  subject  of  analysis  with 
chemists  from  the  remotest  times.  They  may  be  divided  into  essen- 
tial constituents,  or  constituents  which  are  always  present  in  normal 
urine ;  and  into  accidental  constituents,  which  are  either  substances 
used  as  food,  medicine,  &c.  more  or  less  altered,  and  passing  off  with 
the  urine,  or  they  are  substances  which  are  the  product  of  a  morbid 
secretion  of  the  urine.  The  essential  constituents  of  the  urine,  besides 
water,  which  always  constitutes  the  great  bulk  of  the  fluid,  are  the  fol- 
lowing. Urea^  a  peculiar  highly  azotized  organic  substance  which  com- 
ports itself  as  a  base  to  acids,  and  forms  crystallizable  salts  with  them. 
Uric  acid,  an  animal  acid  peculiar  to  the  urine,  of  the  most  sparing 
solubility  in  water.  It  is  not  yet  perfectly  ascertained  by  what 
substance  it  is  held  dissolved  in  the  urine^^.  Animal  extractive^ 
similar  to  that  which  is  encountered  in  the  other  fluids  of  the  hu- 
man body.  Lactic  acid  and  lactates^  which  are  also  met  with  in 
the  greater  number  of  the  fluids.  A  red  colouring  matter,  the  chem- 
ical nature  of  which  is  not  yet  well  known.     A  variety  of  inorganic 

voided.  In  winter  the  quantity  of  urine  passed  is  larger  than  in  summer,  a  ^t 
which  appears  from  the  observations  just  referred  to ;  the  daily  average  for  Novem- 
her  was  66  loths ;  that  for  December  57|  loths ;  that  for  January  57  loths  ;  for 
February  54^  loths ;  for  March  46}  loths ;  for  April  40f  loths ;  for  May  40^  loths. 
In  the  summer  months  it  would  in  all  probability  have  fidlen  still  lower.  From 
the  same  observations  we  learn,  fiuther,  that  in  general  the  quantity  of  urine  dis- 
charged stands  in  a  certain  ratio  to  that  of  the  fluids  imbibed ;  but  that  the 
quantity  of  urine  does  not  regularly  increase  and  diminish  with  the  quantity  of 
fluid  consumed,  as  we  might  have  expected  that  it  would.  Whilst  on  many 
days  the  urine  scarcely  amounted  to  a  third  part  of  the  fluids  (fluid  aliments 
such  as  soup,  &c.  inclusive)  consumed,  on  other  days  it  equalled  these  in  quan- 
tity, and  on  others  it  surpassed  them  by  a  20th,  and  even  by  a  10th.  The  obser- 
vations referred  to  apply  only  to  an  extremely  regular  and  sober  life.  Drinks 
taken  in  excess  invariably  induce,  and  that  generally  in  a  very  short  space  of 
time,  an  increased  flow  of  urine. 

*^  Urea  and  uric  acid  are  the  proper  characteristic  ingredients  of  the  urine ; 
the  uric  acid  has  been  perhaps  more  carefully  studied  in  the  excellent  researches 
of  Liebig  (in  Axnalen  dtr  Pharmaciey  Bd.  26.  S.  241)  than  any  other  animal* 
substance.  Urea,  as  Wohler  first  showed,  may  be  produced  artificial^,  and  is  a 
compound  of  cyanic  add,  ammonia  and  water,  a  cyanate  of  ammonia  with  com- 
bined water.  The  purpuric  acid  of  Front,  which  has  so  commonly  been  regsrded 
as  the  colouring  principle  of  the  ruddy  sediments  of  the  urine,  is  still  proble- 
matical. 
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saUi — ^sal-ammoniac,  common  salt,  phosphate  of  soda,  phosphate  of 
lime,  salphate  of  lime,  magnesian  salts,  and  a  trace  of  scilica'^. 

§202.  Besides  the  essential  constituents  of  the  urine  already  men- 
tioned, it  often  contains  accidentally  admixed  matters  in  large  quan- 
tity. Many  articles  of  food,  of  drink,  and  of  medicine,  pass  un- 
changed or  changed  into  the  urine.  The  greater  number  of  the 
inorganic  neutral  salts  make  their  appearance  in  it  unaltered  : 
among  the  number  may  be  reckoned  the  sulphates,  phosphates,  and 
nitrates  of  potash,  soda,  and  magnesia,  the  chlorides  of  potash,  soda, 
and  ammouia,  the  various  iodides,  the  greater  number  of  the  tar- 
trates (?} ;  a  variety  of  organic  substances,  the  major  number  of  the 
vegetable  colomring  matters,  as  of  rhubarb,  bilberries,  cherries, 
beetroot,  madder,  indigo,  &c. ;  various  animal  and  vegetable  odor- 
ous principles,  such  as  turpentine,  valerian,  castoreum,  &c.  Free 
acids  taken  into  the  stomach  generally  make  their  appearance  in  the 
urine  in  combination  with  bases,  the  oxalic  acid  generally  as  oxalate 
of  lime  [the  benzoic  acid  in  combination  with  uric  acid  as  uroben- 
zoic  or  hippuric  acid,]  iodine  and  bromine,  which  play  the  part  of 
acids,  as  iodides  and  bromides.  A  great  many  of  the  organic  acid 
salts,  as  the  citrates,  malates,  and  acetates,  appear  as  carbonates''\ 
Many  substances,  such  as  lead,  alcohol,  ether,  musk ;  and  certain 
colouring  matters,  such  as  litmus,  cochineal,  &c.  have  not  been  dis- 
covered in  the  urine  though  taken  into  the  stomach  ^^. 

'^  The  urine  in  children  has  been  found  to  contain  hippuric  or  urobensKoie 
acid  instead  of  uric  acid.  [The  very  interestiog  fact  has  lately  been  anuounced 
bj  Mr.  XJre,  that  it  is  easy  at  all  times  to  supersede  the  presence  of  uric  acid  and 
the  urates  in  the  urine,  by  administering  the  benzoic  acid  or  an  alkaline  benzoate 
by  the  mouth,  dther  of  which,  after  being  absorbed  into  the  blood,  passes  off  by 
the  kidney,  and  combining  in  its  transit  with  the  uric  acid  and  the  urates,  forms 
hippuric  acid  and  hippurates,  which,  as  compounds  that  are  readily  soluble, 
escape  with  the  urine.  The  advantages  which  may  accrue  from  our  knowledge 
of  these  facts  in  the  treatment  of  certain  calculous  diatheses,  and  perhaps  even  of 
gravel  and  stone  of  certain  kinds  existing  in  the  kidneys  and  bladder,  are  obvious, 
R.  W.]  Berzelius  once  found  butyric  acid  in  the  urine,  and  other  chemists  are 
said  to  have  detected  acetic  acid  and  acetates  there ;  but  it  is  very  doubtful  that 
any  of  these  articles  are  components  of  the  normal  urine. 

^^  This  alteration  of  the  generality  of  the  organic  acid  salts  into  carbonates 
appears  to  go  on  in  the  stomach  during  the  process  of  digestion.  See  §  156. 

pw  Yj^jj  Bibra  (Untera.  uber  einige  verschiedene  EUerarten^  8vo.  Beri.  1842,) 
has  found  that  sugar,  taken  in  large  quantity  after  long  fasting,  could  be  demon- 
strated both  in  the  blood  and  in  the  urine — a  very  interesting  fact.     R.  W.] 
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§  SOS.  The  best  quantitative  analysis  of  the  urine  we  yet  possess 
is  that  of  BerzeliuSy  who  in  1000  parts  of  that  which  he  examined 
found : — 

Water  .....        983,00 


Urea 

Free  lactic  acid,  lactate  of  ammonia,  osmazome,  ex- 
tractive matter  only  soluble  in  water 
Uric  acid 
Mucus 

Sulphate  of  potash 
Sulphate  of  soda 
Phosphate  of  soda 
Biphosphate  of  ammonia 
Common  salt 
Sal  ammoniac 

Phosphate  of  lime  and  magnesia 
Scilica 


80,10 

17,14 
1,00 
0,32 
8,71 
3,16 
2,94 
1,65 
4^45 
1,50 
1,00 
0,08 

1000,00 


The  quantitative  relations  here  given  are  to  be  understood  as  but 
one  of  millions  that  are  possible.  The  composition  of  the  urine  in 
different  individuals  is  habitually  very  different,  and  even  in  the 
same  individual  it  differs  greatly  at  different  times.  An  attempt 
has  been  made  to  reduce  these  varieties  to  certain  general  laws :  1 . 
The  watery  portion  of  the  urine  is  by  so  much  the  larger  as  the 
quantity  of  simple  drink  is  large ;  the  water  is  farther  in  larger  pro- 
portion in  winter  than  in  the  summer  and  when  the  cutaneous  perspi- 
ration is  freer.  The  quantity  of  the  urine,  in  the  healthy  state  at 
all  events,  depends  especially  on  the  quantity  of  its  water ;  the 
larger  the  quantity  of  urine  discharged,  the  greater  in  a  geneial 
way  is  its  watery  part*®^.     2.  The  quantity  of  urea  and  also  of  uric 

^^  I  have  made  quantitative  analyses  of  a  great  number  of  specimens  of  urine 
of  different  individuals  in  health  and  labouring  under  disease,  and  have  come  to 
the  following  conclusions  in  regard  to  the  proportions  of  water  and  of  solids.  The 
minimum  of  solids  in  1000  parts  of  urine  was  12,5  ;  the  maximum  71,5.  The 
quantity  of  water  consequently  varies  between  987,5  and  928,5.  As  a  mean  of 
40  analyses,  I  obtained  40,0  in  the  1000  of  solids,  the  mean  of  the  watery  part 
was  consequently  960,0.  The  xmne  examined  was  generally  that  which  was 
discharged  in  the  morning. 
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acid  dischaiged  by  the  same  individual  in  equal  intervals  of  time  are, 
in  a  general  way,  equally  great ;  but  in  different  individuals  they  may 
be  very  different**^.  8.  The  quantity  of  urea  voided  in  a  given  in- 
terval of  time  is  in  relation  with  the  sex  and  age  of  individuals:  it 
'  is  larger  among  men  than  women,  and  among  persons  of  middle  age 
than  children  and  the  aged.  4.  The  quantity  of  the  inorganic  consti- 
tuents— salts — of  the  urine,  is  never  the  same  in  the  same  individ- 
ual in  hke  spaces  of  time ;  the  urine  of  men  however  generally  con- 

^  This  and  the  following  laws  from  2  to  4  are  given  on  the  authority  of 
Lecanu  (Comptas  RenduSj  1839,  ii.  Semest.  p.  84).  Dr.  Fr.  Simon  has  also  ex- 
amiDcd  the  urine  of  numerous  individuals  with  regard  to  the  quantity  of  urea 
they  contained  (Arcltiv  d,  Pkarmadti,  van  3r€mdes,  j-c.  Aprilheft,  1840,  S.  37). 
He  found  as  a  mim'mum  in  1000  parts  of  urine  3,16  urea,  (6,0  nitrate  of  urea)  ; 
M  a  maximum  24,69  (47,5  nit.  of  urea).  In  one  case  the  entire  quantity  of  urine 
discharged  in  the  course  of  24  hours  amounted  to  15  pounds,  apothecaries  weight, 
which  in  1000  parts  contained  3,16  of  urea,  in  the  whole  consequently  4,55 
drachms  of  urea.  I  have  also  examined  the  urine  of  many  persons  with  refe- 
rence to  the  quantity  of  urea  especially  which  it  contained,  and  found  as  a  mini- 
mum in  1000  parts  2,5  ;  as  a  maximum  29,8  urea, — greater  differences  conse- 
quently, than  Dr.  Simon  observed.  But  such  estimates  of  the  quantities  of  urea 
only  admit  of  conclusions  in  regard  to  the  normal  or  abnormal  constitution  of 
the  urine  when  the  whole  quantity  passed  during  a  certain  period — ^24  hours, 
for  instance,  is  collected  and  subjected  to  analysis.  But  such  collections  of 
urine  are  at  all  times  inconvenient,  and  occasionally  impossible  to  be  made.  I 
therefore  subsequently  estimated  the  relations  of  the  urea  to  the  entire  quantity 
of  solid  constituents  which  the  urine  contained,  a  plan  by  which  more  invariable 
results  are  obtained.  The  following  results  were  come  to  in  this  way :  in  1000 
parts  of  the  solid  constituents  of  the  urine  the  maximum  of  urea  was  55,4,  the  mini- 
mum, 13,0 ;  mean  of  these  extremes,  34,2.  Mean  quantity  of  urea  from  17  ana- 
lyses 35,4.  I  obtained  the  urea  in  the  same  way  as  Simon,  viz. :  in  the  state  of 
nitrate,  estimating  the  absolute  quantity  of  the  base  from  the  known  constitution 
of  this  salt.  Neither  of  the  two  methods  of  proceeding,  however,  gives  any 
absolutely  precise  result. 

The  quantity  of  uric  acid  in  the  urine  is  but  snudl,  and  there  are  particular 
difficulties  in  the  way  of  estimating  its  relative  proportions.  The  quantity  of  this 
Substance  contained  in  the  urine  of  healthy  individuals,  if  I  may  be  allowed  to 
conclude  fit>m  a  small  number  of  analyses,  appears  to  be  subject  to  fluctuations 
of  no  great  amount.  The  medium  proportion  of  uric  acid  in  healthy  urine  is  not 
far  wide  of  that  in  the  analysis^of  Berzelius  given  above,  viz :  1  in  1000  paru  of 
the  fluid.  But  the  quantity  of  the  substance  in  question  is  enormously  increased 
in  many  diseases,  in  rheumatic  fever  and  gout,  for  instance. 
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tains  a  relatively  larger  proportion  of  salt  and  salts  than  that  of 
womensw. 

Sweat, 

§  20i.  Under  ordinary  circumstances  the  sweat  is  so  gradually 
poured  out  that  it  does  not  appear  as  a  fluid  at  the  orifices  of  the 
sweat  canals,  but  passes  off  in  the  shape  of  a  vapour  as  fast  as  it  is 
secreted,  leaving  behind  it  however  its  fixed  or  unvolatile  ingredi- 
ents. It  is  only  under  exposure  to  high  temperatures,  along  with 
active  bodily  exertion,  in  the  course  of  various  diseases,  under  the 
influence  of  medicine,  &c.,  that  the  sweat  is  elaborated  in  such 
quantity  as  to  stand  in  drops  upon  the  skin,  and  to  be  collected  for 
examination.  The  sweat  in  the  liquid  state  is  a  clear  and  colour- 
less fluid"^  of  a  sourish  or  ammoniacal  odour,  and  slight  saline 
taste.  In  a  general  way  the  sweat  shows  alkaline  reaction ;  at  other 
times  it  does  not  affect  vegetable  blue  colours ;  but  the  sweat  of 
many  parts  of  the  body,  the  arm-pits,  for  instance,  is  said  always  to 
react  like  an  alkali'^^.     The  sweat  has  no  peculiar  solid  element,  [its 

''^  Lecanu  tells  as  that  he  always  founds  larger  quantity  of  common  kitchen  salt 
in  the  urine  of  men  than  of  women.  On  the  fixed  saline  constituents  of  urine, 
— I  mean  the  saline  constituents  that  withstand  incineration  and  the  action  of 
nitric  acid, — I  have  made  many  researches,  and  can  vouch  that  they  are  subject 
to  great  Tariations.  In  100  parts  of  solid  urinous  residue,  I  found  a  minimuTn  of 
7,7  and  a  maximum  of  73,5  of  fixed  saline  matters.  The  mean  of  21  analyses  was 
28,2.  This  average,  however,  is  certainly  too  high,  for  many  of  the  individuals 
whose  urine  was  analysed  were  ill  and  taking  neutral  salts;  the  patient,  for  instance, 
whose  urine  afforded  the  large  proportion  of  73,5  per  cent  of  fixed  saline  matter 
was  taking  acetate  of  potash,  and  Jths  of  the  salts  obtained  were  salts  of  potash. 
I  have  repeatedly  observed  that  the  saline  matters  of  the  urine  increased  when 
patients  had  neutral  salts  prescribed  to  them.  [Probably  the  most  useful  of  all 
the  analyses  of  the  urine  for  the  practitioner  is  that  which  determines  the  rela* 
tive  proportions,  Ist.  of  the  solid  ingredients  to  the  mass ;  2nd.  of  the  solids  solu- 
ble in  alcohol  only  (Lactic  acid,  lactates),  3rd.  of  the  solids  soluble  in  distilled 
water,  (sulphates,  chlorides  and  carbonates),  4th.  of  the  solids  insoluble  in  alco- 
hol and  in  water  (phosphate  of  lime,  of  magnesia  and  ammonia,  and  uric  acid). 
One  of  the  most  important  of  all  the  abnormal  constituents  of  urine  is  albumen ; 
but  this  subject  is  within  the  domain  of  pathology,  not  of  physiology. 

'"^  The  sweat  is  very  seldom  coloured ;  it  is  so,  however,  occasionally,  in  ic- 
terus perhaps  most  frequently,  when  it  is  yellow  and  stains  the  linen  of  this 
colour ;  blue,  and  red  or  bloody  sweats  are  also  said  to  have  been  observed. 

^^  Donne  in  his  lectures  says  the  sweat  of  the  axiUse  is  always  alkaline,  that 
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salts  and  other  constituents  exist  in  all  the  fluids  of  the  body  and 
in  the  blood  itself].  After  evaporation  upon  a  clean  glass  plate, 
fragments  of  epidermic  cells  are  generally  observed  in  the  sweat, 
and  crystals  are  left  behind  which  are  those  of  its  contained  salts. 

C/*emical  Analysis  of  the  Sweat. 

§  205.  The  chemical  composition  of  the  sweat  is  not  in  all  pro- 
bability the  same  at  all  times.  Its  principal  ingredient  in  point  of 
quantity,  is  water,  which  generally  forms  something  like  n^ths  of 
its  whole  mass.  It  also  contains  animal  extractive  or  osmazome  in 
small  proportion,  and  a  variety  of  salts,  the  most  abundant  and  con- 
stant of  which  are  common  kitchen  salt,  sal  ammoniac,  and  certain 
lactates,  which  must  sometimes  be  in  the  state  of  super  salts,  for  an 
acid  reaction  of  the  sweat  would  seem  to  depend  on  lactic  acid. 
Sweat  farther  contains  minute  quantities  of  phosphates  and  sul- 
phates, and  perhaps  also  acetic  acid^^  The  sweat  has  also  been 
found  to  contain  certain  gases — carbonic  acid  in  especial,  and  a 
little  azote*^. 

of  other  parts  of  the  body  geDerally  acid.  I  have  generally  found  the  sweat  of 
the  forehead,  breast,  and  hands,  without  effect  upon  Tegetable  blues,  and  con- 
sequently to  be  neutral. 

^^  A  drop  of  sweat  evaporated  on  a  glass  plate  leaves  a  residue  which  under 
the  microscope,  besides  fragments  of  epidermis,  leaves  crystals  of  two  descriptions, 
the  one  cubes— common  salt, — ^the  other  clustered  dendritic  forms — sal-ammo- 
niac. In  100  parts  of  sweat  Anselmino  found  from  i  to  1 )  per  cent  of  solid  residue, 
which  in  100  parts  consisted,  1st,  of  substances  insoluble  in  alcohol  and  water  (cal- 
careous salts,  and  fragments  of  epidermis)  2 ;  substances  soluble  in  water  not  in 
alcohol  (animal  extractive  and  sulphates)  21 ;  substances  soluble  in  dilute  alco- 
hol (common  salt  and  osmazome)  48  ;  substances  soluble  in  anhydrous  alcohol 
(osmazome,  lactates  and  lactic  acid)  29.  Sal-ammoniac  is  not  noticed  in  this 
analysis. 

'^  CoUard  de  Martigny  and'  many  other  inquirers  before  him,  Cruickshank, 
Jorine,  Abernethy,  &o.  showed  that  carbonic  acid  and  azotic  gas  were  thrown  off* 
by  the  skin ;  Anselmino  also  'detected  fr'ee  carbonic  acid  in  the  sweat.  [The 
purpose  of  the  cutaneous  exhalation  has  been  avowed  by  all  the  highest  autho- 
rities of  the  age  in  physiology  not  to  be  understood.  The  chemical  analysis  of  the 
sweat  is  owned  by  Berzelius  (Chhnie  vii.  330)  to  throw  no  light  on  the  subject. 
"  Water,"  he  says, «'  is,  in  fact,  the  principal  article  thrown  off*  by  the  skin."  I  be- 
lieve it  to  be  the  only  essential  one,  and  reserving  the  development  of  the  point 
for  another  opportunity,  I  merely  state  it  here  as  a  general  thesis,  that  the  huinens 
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Milk. 

{  906.  As  obtained  from  the  breast  of  the  human  female  by  suc- 
tion or  pressure,  milk  is  a  somewhat  thickish  fluid  of  a  bluish-white 
colour,  without  peculiar  smell,  and  of  the  known  milky  flavour.  Its 
specific  gravity  varies  between  1028  and  1034.  Quite  fresh  it  ge- 
nerally shows  alkaline  reaction  ;  it  is  only  after  it  has  stood  for  some 
time — ^longer  or  shorter  according  to  the  temperature  of  the  air — 
and  when  it  is  abnormal,  that  it  shows  acid  reaction.  Under  the 
microscope  it  is  found  to  contain  an  immense  quantity  of  perfectly 
spherical  globules  of  various  sizes,  from  the  ^^th  to  the  T^th  of  a 
Paris  line  in  diameter,  and  having  a  great  refractive  power*".  These 
globules  are  seen  at  the  first  glance  to  consist  of  oil  or  fat,  and  chemi- 
cal reagents  prove  them  to  be  so.  They  are  in  fact  the  butter,  which 
is  not  dissolved,  but  only  suspended  in  a  state  of  minute  subdivision  in 
the  milk.  The  oil-globules,  according  to  some  observers,  are  included 
in  cysts  of  coagulated  casein''^.  Milk  may  be  freed  from  its  oily  or 
buttery  part  by  repeated  and  careful  filtering ;  the  same  thing  is 
habitually  accomplished  by  whipping  or  churning,  an  operation 
which  leads  the  divided  buttery  particles  to  unite  and  form  masses. 

According  to  Donne,  the  colostrum  or  milk  that  is  secreted  during 

of  the  skin  is  to  eliminate  so  much  pure  water,  and  this  not  to  reduce  or  regulate  tem- 
perature, as  is  commonly  said,  hut  for  the  specific  end  of  maintaining  the  curreni 
of  blood  returning  to  the  heart  of  higher  density  than  that  which  is  leaving  it.  The 
skin  is  one  item  in  a  great  system  subordinate  to  the  capillary  circulation,  and 
its  function  is  indispensable  to  the  due  return  into  the  veins  of  the  fluids  exuded 
from  the  arteries  for  purposes  of  nutrition  and  vital  endowment.  Vide  my  addi- 
tion to  Annotation  342 ;  and  farther  what  is  added  under  the  head  of  Nutritiok, 
sect.  218—23.    R.  W.] 

'^  The  most  important  works  of  recent  date  on  milk  are  those  of  Donn^ :  Du 
Lait^  et  en  particuUer  du  eeUe  des  Nourrices,  Paris,  1837,  and  of  Dr.  F.  Simon  : 
Die  Frauen-MUchj  Berlin,  1838 ;  the  former  treating  more  especially  of  the 
physical  and  microscopical,  the  latter  of  the  chemical  properties  of  the  fluid. 
We  have  also  an  interesting  paper  by  J.  £.  Herberger,  on  the  milk  of  women 
and  the  lower  animals,  in  Brande  and  Wackenroder's  Arehiv der  Pharmaeie,  Jan. 
u.  Feb.  Heft.  1840. 

*^  Henle  and  F.  Simon  (Elements  of  Organie  Chemiatry,  Animals^  p.  75, 
Berl.  1840)  are  of  this  opinion ;  for  my  own  part,  T  have  never  been  able  to  aa* 
tisfy  myself  completely  of  the  existence  of  such  an  envelope. 
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the  few  first  days  after  the  birth  of  the  infant,  contains  in  ad- 
dition numerous  and  somewhat  larger  corpuscles  of  irregular  form 
and  granular  appearance,  and  which  the  observer  quoted  calls  gran- 
nlar  bodies.  These  bodies  dissolve,  like  the  ordinary  oil-globules,  in 
ether,  and  are  probably  the  same  as  these  in  point  of  chemical  com- 
position. As  the  colostrum  passes  into  or  gives  place  to  ordinary 
milk,  these  bodies  disappear  gradually,  and  finally  cease  to  be 
visible'^. 

Chemical  Composition  of  Milk. 

§  207.  The  essential  constituents  of  milk,  besides  water,  are  fat 
(butter),  CASEIN  and  sugar  of  milk'^.  In  addition  to  these  es- 
sential constituents,  milk  farther  contains  extractive  matter'^'',  va- 

'^  Simon  denies  the  existence  of  these  gpranular  corpuscles  in  colostrum ;  but 
Donne  has  shown  them  to  me,  and  many  others,  in  the  course  of  his  lectures,  so 
that  there  can  be  no  doubt  of  their  existence.  The  following  questions,  ,how- 
erer,  still  remain  to  be  answered  : — Are  they  always  present  in  the  colostrum, 
what  is  their  import,  and  what  do  they  consist  of?  Are  they  perchance  mere 
irregular  masses  of  fatty  substance,  or  deposits  of  a  matter  peculiar  to  thcf  colos- 
trum and  not  contained  in  the  milk  ?  Farther  inquiry  must  determine  these 
different  questions. 

[The  great  rapidity  with  which  glandular  secretion  takes  place  under  the  in- 
fluence of  the  appropriate  stimulus,  is  perhaps  in  no  instance  more  strikingly 
illustrated  than  in  reference  to  the  milk.  When  the  infknt  is  applied  to  the 
breast,  the  mother  feels  a  sudden  rush  to  her  bosom,  and  almost  immediately  it  be- 
comes distended  with  milk,  which  pours  from  the  orifices  of  the  ducts.  This 
rush  is  popularly  termed  the  draughty  and  mothers  think  it  is  caused  by  the  milk 
filling  the  breast;  the  scientific  explanation  of  the  sensation  is  the  sudden 
injection  of  the  arteries  of  the  secreting  organ  with  blood.  But  the  popular  ex- 
planation is  not  altogether  erroneous ;  theinjection  of  the  arteries  and  the  disten- 
sion of  the  milk  ducts  are  almost  simultaneous,  and  the  rapid  filling  of  these  last 
has  probably  still  more  to  do  with  the  peculiar  sensation  experienced  than  the 
propulsion  of  the  blood  with  unusual  rapidity  and  in  unwonted  quantity  through 
the  vessels  of  the  secreting  organ.    R.  W.] 

'^  All  the  constituents  of  the  milk,  with  the  exception  of  the  fat  and  perhaps 
a  minute  quantity  of  casein,  are  in  a  state  of  solution  in  the  milk.  The  butter 
of  human  milk  consists,  according  to  Herberger,  entirely  of  elaine  and  stearine, 
without  any  of  the  peculiar  fatty  matter  which  has  been  called  dufyrtn,  and 
which  the  butter  firom  cow*s  milk  contains. 

'^  The  alcoholic  extractive  matter  of  milk,  according  to  Berzelius,  is  pre- 
cisely similar  to  that  of  muscular  fiesh ;  milk  seems  to  contain  but  very  little 
watery  extractive. 

2   T 
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rious  saltSy  anil  very  commonly  some  free  lactic  acid,  which,  however » 
in  all  probability,  only  makes  its  appearance  when  the  milk  begins 
to  turn.  The  following  analysis  of  Dr.  F.  Simon  will  give  an 
idea  of  the  quantitative  relations  of  these  several  ingredients  to 
one  another'**. 

100  parts  of  woman's  milk  contain — 
88,06  water 

3,70  casein 

4,54  sugar 

3,40  butter 

0,30  salts,  extractive  matter,  &c.^ 
§  208.  The  quantities  of  the  several  constituents  of  the  milk 
are  not  always  the  same ;  they  are  indeed  subject  to  vary  greatly,  so 
that  milk  is  rich  or  poor,  more  or  less  nutritious.  Simon  was  at 
the  pains  to  search  after  the  laws  that  regulated  these  differences 
in  the  relative  proportions  of  the  several  ingredients  of  milk,  and 
came  to  the  following  conclusions :  The  colostrum  or  milk  that  is 
secreted  the  jBrst  few  days  after  delivery  is  richest  in  solid  constitu- 
ents ;  the  few  first  days  past,  the  quantity  of  casein  is  very  small, 
but  it  increases  subsequently  and  then  continues  very  constantly  the 
same.  The  quantity  of  sugar,  on  the  contrary,  is  greatest  imme- 
diately after  the  delivery,  and  then  diminishes  somewhat  as  the  ca- 
sein increases.  The  proportion  of  fat  or  butter  is  subject  to  the 
greatest  variations,  which  cannot  be  reduced  to  any  law^ 
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'^  This  analysis  may  be  adopted  as  indicating  with  toleraUe  accunicy  the 
composition  of  normal  haman  milk  containing  a  medium  quantity  of  nutritive 
matter. 

^^  The  salts  of  milk  are  principally  chloride  of  potassium,  lactate  of  soda, 
and  phosphate  of  lime.  Some  chemists  speak  of  certain  sulphates  as  entering 
into  the  composition  of  milk,  but  these,  as  well  as  a  portion  of  the  phosphates, 
are  produced  by  the  incineration  of  the  milk,  the  sulphur  and  phosphorus  which 
are  in  combination  with  the  casein  being  turned  into  sulphuric  and  phosphoric 
acids. 

^^  Simon  analysed  17  samples  of  nulk,  mostly  obtained  from  the  same  female 
on  different  days,  and  found  the  following  variations  in  the  proportions  of  the  seve- 
ral essential  ingredients.  The  maximum  of  casein  found  in  100  parts  of  milk 
was  4,52,  the  minimum  1,96 ;  mean  of  17  observations  3,03.  The  maximum 
quantity  of  sugar  found  was  7,00  (in  colostrum),  the  minimum  3,60 ;  mean  of  17 
observations  4,S3.  The  maximum  quantity  of  butter  was  5,40,  the  minimum 
0,80 ;  mean  of  17  analyses  2,77.     100  parts  of  colostrum  he  found  to  consist  of 
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A  plentiful  supply  of  nutritious  food  increases  the  quantity  of  milk 
in  general,  and  of  its  buttery  element  in  especial,  without  seeming 
to  exert  any  particular  influence  on  the  proportions  of  sugar  and 
casein.  Diseases,  too^  affect  the  constitution  of  the  milk ;  but  a 
sufficient  number  of  chemical  researches  in  regard  to  the  kind  of 
alteration  suffered  are  still  wanting  to  admit  of  any  general  conclu- 
sions being  drawn  in  regard  to  the  influence  of  particular  diseases 
upon  the  elaboration  of  the  milk^\  Many  articles  taken  as  food  or 
as  medicine  are  known  to  pass  over  into  the  milk, — the  colouring 
matter  of  rubia  tinctorum,  the  odorous  principle  of  garlic,  onions, 
turpentine,  &c. ;  several  neutral  salts,  too,  make  their  way  from 
the  stomach  into  the  milk ;  but  all  do  not  pass  indifferently  by  this 
route ;  the  ferro-cyanate  of  potash,  for  instance,  though  it  is  readily  to 
be  detected  in  the  urine,  can  never  be  shown  to  occur  in  the  milk^^. 

Organic  Phenomena  of  Secretion. 

§  S09.  The  secretions  are  eliminated  from  the  blood,  and  the  pro- 
cesses that  give  rise  to  them  have  their  seat  in  the  substance  inter- 
mediate to  the  walls  of  the  finest  blood-vessels  and  the  inner  aspect 

82,80  water,  4,00  casein,  7,00  sugar,. 5,00  butter.  Donn6  proceeded  on  the  as. 
sumption  that  the  quantity  of  sugar  and  of  casein  in  milk  was  always  in  relation 
with  that  of  the  butter,  and  therefore  proposed  microscopical  examination  as  a 
ready  means  of  testing  the  quality  of  a  nurse*s  milk,  the  quantity  of  butter-glo- 
bules in  the  milk  being  to  be  estimated  approzimatively  with  tolerable  accuracy. 
The  experiments  of  Simon  just  quoted  have  shown  that  this  idea  of  Donn6  is 
unfounded,  and  that  his  mode  of  testing  the  nutritive  qualities  of  milk  must  be 
rejected. 

^^  Both  Simon  and  Herberger  have  given  several  analyses  of  diseased  or  mor- 
bidly altered  milk.  [Gerber  has  given  an  excellent  delineation  of  the  globules 
of  healthy  cow*8  milk ;  as  well  as  of  slimy,  imperfectly  coagulated,  and  reddish- 
coloured  milk,  from  a  cow  which  had  died  of  the  poU-evil,  in  which  diseased 
milk  the  globules  are  shown  as  connected  together  by  a  thick  fluid.  General 
Anatomy^  figs.  22  and  23.    R.  W.] 

^^  Simon  could  not  discover  iodide  of  potassium  in  the  milk,  although  the 
readiness  with  which  it  passes  by  the  urine  is  known.  Others  have  been  more 
fortunate  than  Simon,  Herberger  for  instance,  and  have  detected  this  salt  in  the 
milk  as  well  as  in  the  urine.  We  are  still  very  much  in  the  dark  in  regard  to  the 
laws  that  regulate  the  transit  of  different  substances  taken  into  the  stomach  into 
the  various  secretions  and  excretions. 


432  SECRETION. 

of  the  glandular  tubules^  vesicles,  or  follicles.     All  that  we  learn 
from  the  study  of  the  minute  anatomy  of  the  glands,  as  detailed  in 
sundry  preceding  paragraphs,  indicates  that  the  alterations  in  the 
combined  elements  of  the  blood  which  give  rise  to  the  secretions  go 
on  in  that  portion  of  the  plasma  which  has  penetrated  the  glandu- 
lar substance ;  part  of  this  is  appropriated  as  nourishment,  part  is 
turned  into  the  specific  secretion.     Of  the  way  in  which  this  hap- 
pens we  know  nothing ;  we  have  no  data  for  reasoning,  and  are  there- 
fore reduced  to  mere  hypothesis';  neither  minute  anatomy  nor  or- 
ganic chemistry  come  to  our  assistance  here.     The  glandular  skel- 
eton of  each  particular  secreting  organ  presents  immense  variety  in 
different  classes,  and  even  in  different  members  of  the  same  class,  of 
animals  (vide  §  188  which  treats  of  the  salivary  glands  of  insects, 
and  in  which  the  testis  of  the  same  extensive  class  is  spoken  of), 
without  the  secretion  therefore  exhibiting  any  striking  or  essential 
differences*"'.     The  proper  substance  of  glands  in  general,  indeed, 
histologically  and  chemically  considered,  exhibits  no  great  diver- 
sity*^.   The  vascular  net-works,  too,  are  coordinated  with  the  struc- 
ture and  connections  of  the  individual  parts  of  the  glandular  skel- 
eton, and  neither  present  specific  forms,  nor  give  any  clue  to  the 
specific  qualities  of  the  secretion*"*.     The  specific  in  the  secretions 

^03  Iq  general,  indeed,  particular  glands  exhibit  a  particular  and  determinate 
arrangement  of  their  elements — ^the  kidneys,  for  example,  always  present  a 
tubular,  the  liver  for  the  most  part  a  granular  or  acinous  structure,  and  so  on. 
The  liver,  however,  it  must  be  allowed,  exhibits  great  diversities  of  form  among 
the  members  of  the  invertebrate  series, — ^in  the  crab,  to  select  a  single  instance, 
where  the  bile  has  nevertheless  the  same  colour,  constitution,  &c.  as  in  the 
vertebrata.  The  structure  of  those  glands,  moreover,  whose  secretion  is  the 
most  truly  specific  of  any — the  testis, — is  extremely  different.  Even  among  the 
vertebrata,  where  the  general  structural  type  is  so  closely  preserved,  we  perceive 
great  difierences  in  the  testis  of  different  classes, — ^what  can  be  more  dissimilar 
than  the  structure  of  this  gland  in  the  mammal  and  in  the  fish,  for  example  ? 
and  on  the  contrary,  organs  of  very  dissimilar  function  often  present  great  simi- 
larity in  point  of  strucure — the  testis  and  the  kidneys,  to  quote  a  single  instance. 

*^  More  careful  inquiry  might  perhaps  lead  to  the  detection  of  exceptions 
here,  and  so  to  important  discoveries.  We  find  that  glands,  the  secretions  of 
which  are  of  very  dissimilar  and  decided  character,  also  exhibit  histological  dif- 
ferences or  peculiarly  organized  elementary  parts ; — the  gastric  glands  with  their 
granules,  the  liver  with  its  compact  cells,  may  serve  as  examples  of  this  fact. 

^^  These  relations  have  already  been  the  subject  of  remaik  (§  198) ;  it  is 
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however  is,  after  all,  not  more  wonderful  than  the  specific  metamor- 
phoses of  the  constituents  of  the  blood  into  the  elementary  constit- 
uents of  the  various  tissues,  in  the  process  of  their  nutrition. 
Wherein  the  essence  or  special  ground  of  the  vital  or  organic  agency 
mutually  exerted  between  the  constituents  of  the  blood  and  the 
glandular  tissues,  consists,  transcends  our  science  to  unravel.  We 
assume,  however,  Ist,  Thai  the  glandular  particles  select  from  the 
blood  by  a  kind  of  elective  affinity  those  matters  which  are  neces- 
sary to  the  composition  of  their  secretions ;  2nd,  That  the  alteration 
of  matters  takes  place  either  by  a  chemical  action  within  the  cells, 
or> — and  this  is  less  likely, — that  it  is  effected  by  a  liquefaction  of 
this  cellular  substance  itself*^.  It  is  obvious,  however,  that  even  in 

worthy  of  observation,  nevertheless,  that  in  reference  to  particular  glands  there 
ar«  constantly  recurring  peculiar  modes  of  distribution  of  the  blood-vessels.    The 
liver,  for  example,  receives  blood  from  a  particular  and  appropriate  system,  that, 
riz.,  of  the  portal  vein ;  and  the  arteries  of  the  kidney  exhibit  almost  invariably 
those  peculiar  convoluted  knots  which  are  known  under  the  name  of  the  Malpig- 
hian  bodies.     But  we  must  still  bear  in  mind  that  in  the  invertebrata  the  liver 
secretes  bile,  and  certain  glands  which  are  comparable  to  the  kidneys,  separate 
uric  acid  without  the  organs  having  blood  supplied  to  them  fiY>m  a  particular 
source,  or  distributed  in  any  particular  manner  to  work  upon.     [The  kidneys 
among  the  higher  animals,  more  than  any  other  secreting  organ  perhaps,  receive 
the  blood  directly  from  the  great  arterial  stem  of  the  body.  The  renal  arteries  are 
large  and  short,  and  the  column  of  blood  they  contain  must  therefore  be  exposed 
to  the  frill  force  of  the  heart's  impulse.    The  Creator  has  probably  had  recourse 
to  the  tortuous  coils  called  Malpighian  bodies  to  break  the  force  of  the  current, 
and  to  prevent  the  blood  in  the  capillaries  from  being  pushed  too  rapidly  through 
them,  and  only  partially  exposed  to  the  peculiar  elective  powers  of  the  proper 
substance  of  the  organ.     Far  from  the  heart  being  inadequate  to  suflSce  for  the 
circulation  of  the  blood  in  every  part  of  the  round,  as  it  has  often  been  held,  we 
here  see  impediments  thrown  in  the  way  of  a  too  ready  passage  from  the  efferent 
to  the  afferent  order  of  vessels.     The  source  whence  the  blood  is  derived  that  is 
subjected  to  the  elective  affinities  of  the  glandular  organs  of  excretion  is,  I  appre- 
hend, of  no  moment.    Vide  my  Paper  on  the  Signification  and  Ends  of  the 
Portal  Circulation  in  Land  and  Edinb,  Month,  Med,  Jour,  Sept.  1841.     R,  W.] 

^^  [One  of  the  most  important  contributions  lately  made  to  the  physiology  of  se- 
cretion is  that  of  Mr.  Goodsir  (Paper  read  before  the  Royal  Society  of  Edinburgh, 
March,  1842,  abstract  in  Anmdsy  and  Mag,  of  Nat,  Hist  May,  1842)  who  has 
carried  out  this  idea,  and  maintains  that  the  constituent  cells  of  glands  are  the 
ultimate  secreting  structures,  and  that  growth  and  secretion  in  glandular  organs 
are  identical.  It  is  familiarly  known  that  the  peculiar  secretion  of  many  glands 
18  found  within    their    component    nucleated    cells,  for  instance,  the  ink  in 
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demonstrating  the  one  or  the  other  of  these  views,  nothing  essential 
would  be  gained,  that  the  grand  and  final  question  would  in  fact 
onlj  be  put  off.  An  important  step  in  advance  would  be  made, 
could  we  obtain  any  data  for  answering  the  questions  connected 
with  the  specific  nature  of  the  secretion  in  each  particular  gland ; 
for  each  gland  only  separates  the  secretion  which  it  was  originally 
destined  to  prepare.  The  entire  subject  rests  on  the  fact,  that  cer- 
tain constituents  of  the  blood  are  eliminated  in  large  quantities 
under  certain  circumstances  at  certain  places,  these  ingredients  only 
presenting  themselves  in  very  moderate  quantity  elsewhere ;  or,  in 
other  cases,  and  where  there  is  a  large  quantity  of  blood  present, 
along  with  the  ordinary  constituents  of  a  secretion  we  have  extra- 
ordinary matters  separated  from  the  blood.  And  this  last  only 
applies  to  the  depurative  secretions,  or  proper  excretions. 

the  appropriate  gland  of  the  cuttle-fish,  the  purple  in  the  peculiar  gland  of 
lanthiaca  and  Aplysia,  hile  in  the  cells  of  the  liver  of  animals  in  general,  urine  in 
those  of  the  kidney  of  molluscs,  &c.  The  history  of  secretion^  in  fact,  as  Mr. 
Goodsir  shows,  comes  to  he  a  history  o/the  origin^  evolution  and  disappearance 
of  the  nucleated  cells  which  make  up  the  substance  of  glands.  These  cells  in 
different  glands  are  evolved  singly,  or  several  of  them  are  evolved  inclosed  in  a 
common  capsule.  In  either  case  they  gradually  attain  maturity,  and  are  more 
and  more  replete  with  the  secretion  of  the  organ  of  which  they  are  elements. 
Perfectly  mature,  they  are  found  connected  with  the  side  or  extremity  of 
one  of  the  terminal  ducts,  hut  separated  from  its  canal  hy  a  fine  diaphragm, 
part  of  the  primary  cell-wall.  This  at  length  gives  way,  the  matter  included  in 
the  cell  or  group  of  cells  is  shed  into  the  duct,  and  this  cell  or  group  of  cells  dis- 
appears, its  place  heing  immediately  succeeded  hy  another  which  will  undergo 
the  same  changes.  This  ingenious  view,  which  is  akin  to  that  originally  broached 
by  Purkinjc,  explidns  satisfactorily  wherefore  a  secretion  flows  from  the  free  surface 
only  of  a  secreting  membrane, — the  cells  which  contain  the  secretion  are  there 
only  in  a  state  of  maturity,  and  there  incessantly  giving  way  and  pouring  it  out; 
just  as  the  cells  of  the  cuticle  or  epidermis  are  continually  detached  from  the 
free  surface,  being  pushed  off*  by  those  that  are  evolved  behind  them.  I  would 
beg  to  suggest  a  farther  extension  of  the  same  grand  view  to  nutrition  in  general; 
what  becomes  of  the  cells  which  constitute  the  muscles,  and  all  the  other  tissues 
of  the  body  P  they  must  needs  be  in  a  state  of  perpetual  decay  and  renovation. 
Let  us  look  at  the  absorbent  system  of  vessels  as  the  essential  element  of  sn 
universally  distributed  gland,  and  the  question  I  have  asked  is  easily  answered : 
the  constituent  cells  of  all  the  animal  tissues  as  they  decay  burst  into  an  absor- 
bent canal  and  so  are  removed,  or  the  fluid  into  which  they  finally  resolve  them- 
selves finds  its  way  into  an  absorbent  and  so  is  removed.     R.  W.] 
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{  210.  llie  whole  of  the  secretions  stand  in  a  determinate  equi- 
poise partly  to  one  another^  partly  to  nutrition.  With  reference  to 
the  depurative  secretions  that  take  place  in  the  lungs,  in  the  kidneys, 
and  in  the  skin,  such  an  equipoise  is  more  especially  remarkable, 
and  is  constantly  indicated  under  the  title  of  the  antagonism  of  the 
secretions^^. 

As  every  secretion  is  instituted  with  reference  to  the  abstraction 
of  certain  ingredients  from  the  blood,  and  as  the  constitution  of  the 
blood  is  necessarily  altered  by  the  retention  of  the  elements  of  this 
or  of  that  secretion;  farther,  as  every  secretion  has  its  specific 
destination,  every  disturbance  of  a  secretion,  whether  in  a  qualitative 
or  quantitative  point  of  view,  must  induce  disturbance  in  the  whole 
organism,  and  this  may  be  manifested,  in  the  vicarious  activity  of 
an  antagonist  secretion^^.  If  this  be  not  possible,  then  disturbances 
in  the  nutrition  follow,  and  these  lead  to  or  constitute  diseases.  It 
must  be  presumed  in  general,  that  according  to  the  constitution  of 
every  individual,  and  under  similar  circumstances,  a  determinate 
quantity  of  matter  is  separated  from  the  blood  for  purposes  of  nu- 
trition, or  for  the  formation  of  solids ;  and  that  another  quantity  is 

^^  On  the  subject  of  the  antagonism  of  the  secretions,  vide  particukrly  the 
Itt  volume  of  Heusinger's  ZeiUchriftfur  die  arganucke  PhyitA^  S.  149.  The 
whole  doctrine,  however,  stands  in  need  of  careful  revision,  under  the  lights 
afforded  by  Physiology  and  Medicine  as  they  now  exist,  occasion  being  seized 
to  try  the  various  therapeutical  procedures  which  rest  upon  it  in  their  fitness  or 
inapplicability.     On  this  subject,  see  farther  Physiology  in  its  applications. 

^**  [I  seize  this  opportunity  to  avow  myself  entirely  sceptical  in  regard  to  the 
doctrine  of  vicariousness  of  function,  as  generally  understood.  I  do  not  believe 
that  any  organ  of  the  body  either  can  or  ever  did  supply  the  place  in  point  of 
office  of  any  other.  One  secretion  will  indeed  become  contaminated  by  admix- 
ture with  the  elements  of  another;  but  this  is  from  the  general  current  of  the 
circulation,  the  conmion  source  of  all  the  secretions,  becoming  loaded  with  these 
elements :  in  icterus  the  serum  of  the  blood  is  yellow,  and  so  are  the  urine  and 
the  sweat;  in  Bright*s  disease  of  the  kidney,  the  serum  of  the  blood  is  mingled 
with  urea,  and  this  substance  makes  its  appearance  in  the  fluids  accidentally 
effused  into  the  cavities  of  the  body.  Undoubtedly  the  skin  is  more  active  at 
one  time,  the  kidney  at  another ;  but  this  is  merely  in  regard  to  the  water  that 
is  thrown  off,  not  to  the  characteristic  and  distinguishing  elements  of  the  cu- 
taneous and  renal  secretions.  Strong  and  healthy  persons  who  are  perfectly 
temperate,  even  resist  the  influences  that  produce  what  is  vulgarly  called  vica- 
rious action  between  the  skin  and  kidney  in  a  very  great  degree.    R.  W.J 
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used  for  the  purposes  of  secretion  and  excretion.  This,  even  in  the 
normal  state,  is  subject  to  variation ;  severe  bodily  exertion,  for 
example,  accompanied  by  copious  sweating,  is  soon  followed  by 
emaciation  unless  the  supply  of  food  be  proportionately  increased. 
The  same  thing  happens  in  all  colliquative  diseases,  in  which  par- 
ticular secretions  are  very  much  augmented;  as,  for  instance,  in 
severe  and  long  continued  diarrhoea,  ptyalism,  ephidrosis  or  profuse 
sweating,  &c.  &c.  Many  of  the  secretions  increase  and  diminish  at 
different  times  in  the  normal  condition,  altering  in  a  quantitative 
point  of  view  especially ;  in  the  colder  season  of  the  year,  for  ex- 
ample, the  secretion  of  the  kidney  is  increased,  that  of  the  skin  is 
diminished ;  in  the  warmer  season^  again,  the  secerning  relations  of 
these  two  organs  are  reversed.  That  which  here  follows  upon  the 
dissimilar  temperature  of  the  seasons,  may  temporarily  follow  an 
hundred  particular  circumstances — ^be  consequent  upon  rest  or 
active  exertion,  may  be  produced  by  the  use  of  particular  articles  of 
food  or  of  medicine,  by  exposure  to  excessive  heat  or  severe  cold, 
and  to  morbific  influences  generally,  &c.  Upon  this  principle  of  a 
regular  antagonism  among  the  excretions,  depends  one  of  the  most 
powerful  of  our  therapeutical  procedures*^ ;  we  have  constant  re- 
course to  this  physiological  law  in  our  treatment  of  disease. 

§  211.  It  is  indubitable  that  the  secretions  are  all  more  or  less 
under  a  determinate  influence  of  the  nervous  system.  We  know 
that  particular  impressions  upon  the  nervous  system  cause  essential 
alterations  in  the  constitution  of  the  secretions.  As  examples,  the 
implication  of  the  renal  secretion  in  the  cold  stage  of  fever,  the  dis- 

^^  As  examples  may  be  quoted,  the  daily  practise  of  acting  upon  the  bowels 
and  skin,  with  a  view  to  repress  the  secretion  of  milk  in  women  who  either  do 
not  mean  to  give  suck  or  who  are  weaning  their  infants,  of  prescribing  purgatives, 
diuretics  and  diaphoretics  in  cases  of  dropsical  effusions  into  the  internal  cavities 
of  the  body,  or  the  general  subcutaneous  cellular  tissue.  The  whole  doctrine  of  the 
Criiesia  disease  may  be  said  to  rest  upon  the  physiology  of  secretion.  [In  the  pre* 
sent  state  of  physiology  and  pathology  we  take  a  somewhat  different  view  of  the 
import  of  the  discharges  that  occur  on  the  subsidence  of  acute  diseases,  and  that 
are  called  critical.  Such  discharges  in  general  are  little  more  than  evidence  of 
abated  morbid  actions :  these  cease,  the  natural  functions  of  organs  return.  Still 
it  must  be  allowed  that  the  secretions  are  all  excessive  in  the  first  instance ;  so 
that  there  is  something  more  than  a  simple  return  of  healthy  function,  which  it  is 
not  very  easy  to  explain.     R.  W.] 
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turbance  of  the  biliary  system  from  violent  mental  emotions,  such 
as  anger  and  vexation,  the  plentiful  secretion  of  tears  that  accom- 
panies grief  or  joy,  the  increased  flow  of  saliva  on  the  thought  or 
sight  of  dainty  articles  of  food,  &c,  &c*^°. 

§  212.  The  excretory  ducts  of  the  secreting  glands  exhibit  proper 
motions,  which  are  not  without  influence  on  the  progress  of  their 
contents.  These  ducts  are,  in  fact,  provided  with  strata  of  contrac- 
tile fibres,  which  resemble  those  of  the  involuntary  muscles,  and 
which  contract  on  the  application  of  stimuli^". 

CHAPTER  VI. 

OF    ABSORPTION,    AND  THE  MORE    INTIMATE    PROCESSES  OF  NUTRI- 
TION. 

General  Considerations. 

§  313.  The  essential  part  in  the  entire  process  of  nutrition  and 
secretion  depends  on  the  capacity  of  organic  substances,  in  gene- 
ral, to  take  up  or  appropriate,  by  invisible  pores,  the  vapours  and 
fluids,  with  which  they  chance  to  be  in  contact.  These  vapours 
and  fluids  then  penetrate  the  parenchyma  of  organs,  make  their 
way  to  the  blood,  and  by  and  by  appear  again,  often  in  other 
shapes,  in  the  excretory  ducts  of  secreting  glands.  The  process  in 
question  is  spoken  of  in  physiology  under  the  title  of  absorp- 
Tios,  one  species  or  form  of  which  is  resorption,  inasmuch 
as  organic  fluids  and  the  solid  elements  of  the  animal  body  lique- 
fied, are  again  taken  up  into  the  mass  of  its  fluids.  The  trans- 
udation or  penetration  of  the  tissues  of  the  body  by  elastic 
fluids  or  gases,  and  by  liquids,  is  also  to  be  referred  to  the  cycle  of 
the  same  phenomenon    • 

^10  On  these  topics  vide  the  Physiology  of  the  Nervous  system,  and  the  General 

physiology. 

^1^  Mailer  quotes  the  readily  observed  fact,  that  the  ductus  choledochus  of  re- 
cently killed  birds  contracts  powerfully  on  the  application  of  a  mechanical  or  the 
galyanic  stimulus.  From  the  structure  of  the  excretory  ducts  of  glands  we  are 
enabled  to  explain  various  morbid  phenomena :— jaundice  as  a  consequence  of  a 
spastic  state  of  the  gall-ducts,  &c.  &c.    See  on  this  subject  the  following  books 

of  this  work. 
^^  On  the  entire  subject  of  absorption  the  works  of  Magendie  deserve  to  be 

2  V 
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Physical  Conditions  of  Absorption. 

§  214.  The  permeability  of  the  tissues  by  liquids  is  sufficiently 
proclaimed  by  the  fact  of  their  being  very  generally  penetrat- 
ed by  the  fluids  with  which  they  happen  to  be  in  contact.  This  pene- 
tration is  a  process  that  is  entirely  independent  of  vitality ;  it  takes 
place  through  dead  animal  membranes  and  tissues,  and  out  of  the 
body,  in  precisely  the  same  manner  as  it  goes  on  in  the  living  or- 
ganism. In  its  course  many  interesting  physical  phenomena  pre- 
sent themselves,  which  have  been  spoken  of  under  the  names  of  en- 
dosmose  and  exosmose,  and  which  are  susceptible  of  illustration  by 
very  simple  experiments^".   The  primary  phenomenon  is  this — that 

particularly  consulted.     See  his  Physiology^  and  his  Leeons  sttr  ies  phenomines 
physiques  de  la  Vie. 

^13  Dutrochet  investigated  these  phenomena  more  carefully  than  had  yet  been 
done,  [by  Porret  in  1816  and  Fischer  of  Brealaw  in  1822,]  and  designated  them 
by  these  names.  Vide  his  collected  treatises  on  the  subject :  Memoires  powr 
servir  a  VUistoire  Anatomique  et  Physiologigue  des  Vegetaux  et  Ammaux^  Paris, 
1837.  Berzelius  has  given  an  excellent  condensed  view  of  the  subject  of  endos- 
mose  and  exosmose :  ^'  The  phenomena  exhibited  by  bodies  in  solution  in  tra* 
versing  solid  living  parts,  do  not  depend  solely  on  the  properties  which  bodies 
in  solution  have  of  diffusing  themselves  evenly  through  the  fluids  which  are  their 
menstrua ;  the  animal  membranes  and  the  water  contribute  their  share,  inas- 
much as  the  water  passes  with  the  dissolved  substance,  and  from  this  results  a 
phenomenon  which  in  its  efi*ect8  resembles  in  every  respect  an  absorption.  For 
the  sake  of  illustration,  let  a  a  in  the  accompanying  cut  be  a  tabe  open  at  both 
ends,  but  having  a  piece  of  moist  bladder  tied  aroimd  its  lower  extremity.  Let 
a  solution  of  any  sidt  be  now  poured  into  the  tube,  and  this  be  plunged  into  a 
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substances  which  are  soluble  in  water  and  various  other  fluids  make 
their  way  through  animal  membranes  along  with  their  menstrua ; 

larger  vessel,  e  d,  containing  water,  the  tube  being  immersed  till  the  solution,  a  ft, 
is  at  the  same  level,  «  e,  as  the  water  in  the  outer  vessel,  c  d.    After  a  little  time 
it  will  be  found  that  the  fluid  in  a  a  has  risen  and  got  above  the  level  e  6,  to  Ih 
for  example,  and  that  it  is  continuing  to  rise,  and  will  go  on  rising,  until  the  two 
fluids  on  the  opposite  sides  of  the  bladder  are  of  the  same  density,  so  that  if  the 
tube,  a  a,  be  not  of  sufficient  length,  the  fluid  may  even  run  over,  having  filled  it 
completely.    If  the  tube,  a  a,  instead  of  containing  a  saline  solution  contain  wa- 
ter, and  the  recipient,  e  d,  instead  of  water  contain  a  saline  solution,  things  being 
disposed  as  before,  the  fluid  in  a  a  far  from  rising  will  begin  to  fall,  and  instead 
of  &lliDg  in  c  ef  it  will  begin  to  rise.    When  the  tube  and  the  recipient  contain 
solutions  of  different  salts  respectively,  but  as  nearly  as  maybe  of  the  same  den- 
sity, the  level  of  the  fluid  in  neither  will  be  altered  perceptibly ;  but  after  a  cer- 
tain time  the  two  salts  will  be  discovered  mingled  together  in  both  the  tube  and 
the  recipient,  or  in  the  fluid  on  both  sides  of  the  bladder.    If  the  densities  of 
the  two  saline  solutions  have  been  different,  the  surface  of  that  which  is  the 
more  dense  will  rise,  that  which  is  less  dense  will  fall ;  but  it  will  be  found, 
Devertheless,  that  from  the  solution  of  greatest  density  a  portion  will  have  passed 
into  that  of  least  density ;  the  penetration  has  not  therefore  been  all  one  way, 
but  reciprocally  from  each  to  the  other,  only  in  greatest  measure  from  the  less  to 
the  more  dense  fluid.    This  phenomenon  does  not  take  place  only  when  moist 
animal  membranes  are  the  intermedia  between  the    two  heterogeneous   but 
miscible  fluids ;  it  also  occurs  when  the  interposed  body  is  of  an  inorganic  na- 
ture, but  thin  and  porous,  and  possessed  of  strength  enough  to  support  the  in- 
creasing column  of  the  denser  fluid — such  as  thin  slices  of  slate,  earthenware, 
&c.    In  general  it  may  be  said  that  the  power  of  producing  the  phenomenon  in 
question  belongs  to  all  bodies  which  can  absorb  and  retain  a  fluid  in  extremely 
delicate  pores.     Poisson  has  offered  a  mathematical  explanation  which  repre- 
sents the  cause  of  the  phenomenon,  and  which,  on  the  whole,  confirms  the  idea 
already  emitted  by  6.  Magnus,  viz.,  that  the  attraction  between  the  particles  of 
a  saline  solution  is  composed  of  the  mutual  attractions  of  the  water  and  the  salt, 
and  of  the  reciprocal  attraction  of  the  molecules  of  each  of  these  bodies  con- 
sidered apart.  These  attractions  combined  are  more  powerful  than  that  of  the  par- 
ticles of  water  for  one  another :  whence  it  follows  that  the  water  must  pass  by 
BO  much  the  more  easily  athwart  the  pores  of  an  animal  membrane,  or  any  other 
porous  interposed  body,  as  it  contains  less  of  any  foreign  substance  dissolved  in 
it.  But  when  the  membrane  or  porous  body  separates  two  watery  solutions  (or  a 
watery  solution  firom  pure  water)  in  both  of  which  the  attraction  between  the  parts 
is  unequal  relatively,  and  the  liquids,  moreover,  exert  a  reciprocal  attraction  for 
one  another  and  at  the  same  time  an  attraction  with  reference  to  the  pores  of 
the  bladder,  it  follows  that  one  is  attracted  with  greater  force  by  these  pores 
than  the  other,  and  that  consequently  the  quantity  absorbed  must  be  proportion- 
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and  farther,  that  fluids  of  difibrent  densities,  contained  in  receptacles 
or  canals  of  the  body,  make  their  way  through  the  interposed  mem- 
branes, and  penetrate  each  other  mutually,  or  suffer  an  interchange 
of  elements,  but  always  with  this  peculiarity — that  the  constituents 
of  the  more  dense  fluid  mingle  with  those  of  the  less  concentrated 
fluid  in  smaller  quantity ;  the  constituents  of  the  less  dense  fluid,  on 
the  contrary,  especially  its  water,  making  their  way  in  larger  propor- 
tion to  the  more  dense  fluid.  This  interchange  of  elements  or  mu- 
tual penetration  of  the  two  fluids  goes  on  until  both  have  acquired 
the  same  degree  of  density  or  spissitude.  The  thickness  of  the 
membrane,  the  laxness  or  denseness  of  its  texture,  exert  a  cer- 
tain influence  on  the  phenomenon  in  question ;  still,  under  all  cir- 
cumstances, it  goes  on,  and  in  this  way  it  is  that  an  interchange  of 
fluids  is  effected  in  the  living  body ; — one  matter  is  taken  up,  ano- 
ther is  given  out.  It  is  even  probable  that  very  finely  divided  and 
merely  mechanically  suspended  corpuscles  may  make  their  way 
through  lax  tissues,  and  then  be  deposited  in  distant  parts^^\ 

Phenomena  of  Absorption. 

§  215.  That  many  substances  make  their  way  into  the  blood  by 
imbibition,  is  readily  proved  by  experiments  of  the  simplest  kind. 
Let  a  small  cut  be  made  into  the  skin  of  the  back  of  a  frog,  and 

ally  greater  on  one  side  than  on  the  other,  after  which  the  fluid  which  is  on  the 
opposite  side  of  the  membrane  attracts  that  which  had  penetrated  into  this  last, 
and  mingles  with  it.  From  thence  result  the  two  currents  athwart  the  membnmef 
of  which  that  of  the  least  dense  or  more  watery  is  more  rapid  than  that  of  the 
more  dense  or  least  watery  fluid.     (Chimie,  4te  Aufl.  B.  ix.  S.  161.) 

^^^  Many  facts  seem  to  give  us  assurance  of  this;  for  example,  the  finely 
divided  molecules  of  mercury  contained  in  mercurial  ointment,  which,  accordiog 
to  my  own  measurements,  are  often  under  T3Wh  and  nArvth  of  a  line  in  diame- 
ter, rubbed  upon  the  healthy  surface,  make  their  way  into  the  blood.  I  have 
also,  in  a  particular  instance,  obsenred  the  absorption  of  the  fine  particles  of  a 
metallic  pigment ;  this  was  in  the  body  of  a  soldier,  upon  whose  right  arm  there 
was  a  large  red  tattooed  figure,  apparently  of  ancient  date, — the  body  bad  been 
sent  to  the  dissecting  room  fiY>m  a  house  of  correction.  The  lymphatic  glands 
of  the  axilla  were  found  of  an  intense  red  colour,  from  the  deposition  of  cinnabar 
in  their  texture.  This  could  have  been  derived  from  no  other  source  save  the 
tattooed  part.  This  fact  is  also  evidence  of  the  absorbing  powers  of  the  lymph- 
atic vessels. 
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through  this  a  few  drops  of  a  watery  solution  of  strychnine  be  infused ; 
in  a  few  minutes  the  animal  will  be  observed  to  be  seized  with  con- 
vulsive twitchings,  which  increase  in  violence,  and  by  and  by  end  in 
complete  spasm  or  tetanus  of  the  whole  body^'.     This  experiment 
may  be  varied  in  different  ways,  and  the  several  tissues  tried  as 
to  their  capacities  of  absorption.      The   different  degrees  of  this 
capacity  seem  to  stand  in  relation  to  the  greater  or  less  vascularity 
of  the  tissue.   The  external  integument,  so  long  as  it  is  covered  with 
the  epidermis,  absorbs  with  extreme  slowness^^^ ;  the  epidermis  re- 
moved, however, — ^by  means  of  a  blister,  &c, — and  the  vascular  la- 
mina of  the  corium  exposed,  absorption  goes  on  with  great  rapid- 
ity.    It  is  upon  this  fact  that  what  is  called  the  endermic  method  of 
exhibiting  medicines   depends.     Mucous  membranes   and   serous 
membranes  possess  the  absorbing  faculty  in  great  perfection*".     The 
coats  of  vessels  of  all  kinds  are  farther  highly  permeable  to  all  man- 

^1^  The  best  article  for  all  such  experiments  is  strychnine ;  its  effects  are 
striking,  and  not  being  volatile,  it  can  be  used  without  danger.  The  greatest 
care  is  nevertheless  at  all  times  necessary, — the  skin  of  the  fingers  must  be 
whole,  and  wounds  and  punctures  are  particularly  to  be  avoided.  A  solution  of 
five  grains  of  nitrate  of  strychnine  in  an  ounce  of  distilled  water  is  well  adapted 
for  making  experiments. 

^^^  This,  at  all  events,  is  the  case  with  the  human  skin.  Animals  with  smooth 
and  muco-membranous-looking  skins,  fi*ogs  for  example,  absorb  watery  fiuids 
much  more  rapidly.  If  a  frog  be  introduced  into  a  narrow  cylindrical  vessel, 
over  the  bottom  of  which  a  small  quantity  of  a  solution  of  strychnine  has  been 
poured,  so  that  the  hind  feet  or  toes  of  the  animal  only  are  in  contact  with  the 
poison,  indications  of  its  specific  efiects  will  speadily  appear.  Or  if  a  solution 
of  ferrocyanate  of  potash  be  employed,  as  MUller  proposed,  the  absorption  of 
some  portion  of  this  substance  can  be  made  manifest  by  the  use  of  reagents, — the 
lymph  from  under  the  skin  of  the  back  assumes  a  blue  colour  on  the  addition  of 
a  solution  of  a  salt  of  iron.  On  the  subject  of  absorption  by  the  uninjured  skin 
see  an  account  of  the  experiments  of  Berthold  in  MQller*s  ArchiVj  1838,  S.  177. 
After  immerson  in  a  bath  for  a  quarter  of  an  hour,  he  found  that  his  body  had 
gained  171  grains  in  weight ;  after  an  hour*s  immersion  it  had  gained  510  grains. 

^*''  Symptoms  ofpoisoning  follow  with  the  greatest  rapidity  when  a  solution  of 
strychnine  is  thrown  into  the  cavity  of  the  thorax ;  a  dog  or  a  rabbit  being  the 
subject  of  experiment,  these  symptoms  generally  present  themselves  in  from  one 
to  two  minutes.  Solutions  of  concinc,  used,  in  the  same  way,  arc  very  potent ;  a 
drop  or  two  applied  to  the  conjunctiva  of  a  rabbit  induced  violent  spasms  and 
death  in  the  course  of  from  three  to  four  minutes.  Vide  Pohlmann,  Physiolo- 
gisch'toxikologutche  Untermch.  iiber  das  Conein.  Erlang.  1838. 
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ner  of  watery  fluids.  Experiments  with  poisons  show  that  ab- 
sorption, in  the  sense  of  simple  imbibition^  is  a  purely  physical  or  me- 
chanical act,  and  that  poisons  are  taken  into  the  circulation  without 
anything  like  elective  af&nity  in  the  parts,  as  they  are  in  what  may 
he  called  organic  absorption,  of  which  I  shall  have  to  speak  immedi- 
ately♦^^ 

§  216.  The  vessels  by  which  absorption  is  effected  are  the  veins 
and  lymphatics.  The  absorbing  faculty  of  the  veins  is  vouched  for 
by  the  experiments  adduced  in  the  preceding  paragraph  ;  but  it  is 
easy  by  direct  experiment,  by  the  complete  isolation  of  one  of  the 
veins,  to  demonstrate  the  power  of  absorption  possessed  by  this  class 
of  vessels*^^.  For  the  absorbing  faculty  of  the  lymphatic  vessels,  the 
assumption  of  the  chyle  by  those  of  the  intestinal  canal,  gives  ample 
assurance.    It  is  otherwise  highly  probable  that  organic  absorption, 

^^^  That  the  effects  of  poisons  follow  their  reception  into  the  circulating  sys- 
tem can  be  demonstrated  by  very  simple  experiments.  It  matters  not  how  or 
where  the  strychnine  is  applied  to  the  frog's  body — it  may  be  insinuated  into  a 
wound,  thrown  into  the  cavity  of  the  thorax  or  abdomen,  applied  to  the  external 
surface,  or  injected  into  the  stomach,  the  poisoning  follows  in  every  instance,  only 
with  different  degrees  of  rapidity ;  cramps  and  tetanus  ensue  with  the  same  cer- 
tainty, if  the  animal  be  decapitated  before  the  application  of  the  poison ;  bat  if 
the  heart  be  cut  out  before  the  poison  is  infused  beneath  the  skin,  the  frog 
will  continue  to  live  for  hours  without  showing  a  symptom  of  the  specific 
effects  of  strychnine.  Magendie  found  that  a  poison  applied  to  a  bare  nerve 
had  no  influence  on  the  general  system  of  an  animal ;  Wedemeyer  saw  no  effect 
from  the  application  of  concentrated  hydrocyanic  acid  to  a  bare  nerve. 

^^^  Magendie  having  laid  bare  the  jugular  vein  of  a  dog,  and  dissected  it  free 
from  all  surrounding  connexions,  found  that  on  applying  a  watery  solution  of 
the  extract  of  nux  vomica  to  its  outer  surface,  symptoms  of  poiaoning  supervened 
in  fit>m  four  to  ten  minutes,  according  to  the  size  and  strength  of  the  animal. 
Magendie  demonstrated  the  absorbing  powers  of  the  veins  by  highly  inge* 
nious  experiments.  He  stupified  a  dog  with  opium,  and  then  separated  one  of 
the  legs  fi^m  the  body  all  to  the  principal  artery  and  vein  of  the  limb ;  these 
were  carefully  cleaned,  the  cellular  membrane  which  surrounded  them,  and 
which  might  perchance  contain  lymphatics,  being  removed ;  two  grains  of  the 
upas  poison  were  then  jnserted  under  the  skin  of  the  foot:  the  effects  were  as 
rapid  and  as  powerful  as  in  cases  where  the  extremity  was  not  separated  from 
the  rest  of  the  body  ;  in  four  minutes  symptoms  of  poisoning  were  apparent,  and 
before  the  tenth  minute  had  elapsed,  the  animal  was  dead.  To  remove  all 
grounds  of  cavilling,  to  prevent  the  possibility  of  any  lymphatic  vessels  being 
still  left  within  the  coats  of  the  artery  and  vein,  Magendie  repeated  the  same 
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which  presumes  a  specific  activity  in  certain  vesselsi  is  performed 
by  veins  as  well  as  lymphatics.  Fluids  received  into  the  stomachy 
and  certain  matters  in  the  intestinal  canal,  colouring  matters,  for  in- 
stance, and  many  salts,  seem  not  to  be  taken  up  by  the  lacteals,  but 
by  the  veins^'^.  That  the  veins  of  the  lungs  absorb  is  demonstrated 
by  the  efiect  of  poisonous  vapours  received  by  inhalation;  this  is 
probably  the  channel  by  which  miasms  and  contagions  dissolved  in 
the  air  make  their  way  into  the  organism^'^  It  is  impossible  to 
conclude  in  many  cases  whether  the  veins  or  the  lymphatics  are  the 
agents  in  absorption,  the  absorbing  faculty  of  these  last  has  indeed 
been  recently  called  in  question  altogether^''.     Many  of  the  phe- 

ezperiment,  but  with  this  difierence :  the  artery  and  vein  were  both  divided 
and  the  continuity  of  their  canals  was  restored  by  means  of  barrels  of  qmlls, 
with  which  the  vessels  at  either  end  were  connected  by  ligatures.  The  upas 
poison  inoculated  into  the  paw  produced  its  known  effects  in  tbe  usual  time, 
that  is  to  say,  after  the  lapse  of  about  four  minutes.  The  assumption  of  the 
poison  by  tbe  veins  was  also  proved  by  this  :  that  compression  of  the  walls  of 
tbe  vein  prevented  the  effects  of  the  poison  proceeding  farther  after  they  had 
begun  to  appear ;  they  were  again  manifest  when  the  vein  was  left  free,  and 
again  they  were  restrained  when  the  compression  was  renewed.  Vide  Magendie, 
JSlemens  de  Phyaialogie. 

^^  Tiedemann  and  Gmelin  found  colouring  matters  which  had  been  taken  into 
the  stomach  in  the  blood  and  in  the  urine,  but  never  in  the  chyle.  They  also 
rarely  observed  salts  of  any  kind  to  be  taken  up  by  the  lacteals.  Vide  their 
researches  into  the  ways  by  which  matters  get  into  the  blood  from  the  stomach 
and  intestines  (Versuch  uber  die  Wege,  Sfc.  1820. J  In  all  experiments  of  this 
kind  it  is  obvious  that  substances  can  only  reach  the  greater  circulation  in  a 
roundabout  way.  They  are  poured  by  the  caeliac  and  other  intestinal  veins  into 
the  portal  vein  ;  from  this  they  are  transmitted  to  the  hepatic  vein,  and  by  this 
they  reach  the  vena  cava. 

^*^  Many  cases  of  poisoning  have  occurred  by  the  inhalation  of  poisonous  gases 
and  vapours,  arseniated  hydrogen,  for  example,  which  seem  to  make  their  way 
into  the  blood  through  the  unbroken  vascular  membrane  with  the  same  certainty 
and  ease  as  when  they  are  injected  directly  into  the  veins. 

^^  To  this  are  referred  a  number  of  pathological  phenomena,  for  example, 
the  absorption  of  the  colouring  matter  of  the  bile  from  the  skin  in  jaundice,  of 
the  water  in  anasarca,  &c. ;  in  these  cases  it  is  generally  assumed,  but  upon  no 
sufficient  grounds,  that  the  absorption  is  effected  by  the  lymphatics.  We  have 
better  evidence  of  their  action  under  other  circumstances,  after  wounds  received 
in  dissections,  for  example,  after  infection  with  the  syphilitic  virus,  &c.  when 
inflammations  of  the  lymphatic  vessels  and  glands  are  very  common, — though 
inflammatioDB  of  the  veins  are  at  tbe  same  time  frequent  also.     All  these  phe- 
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nomena  of  absorption  are,  it  must  be  owued^  extremely  mysteriousi 
the  shrinking  and  disappearance^  for  instance,  of  parts  that  have  no 
lymphatics,  the  removal  of  solid  bone  in  consequence  of  mechanical 
pressure,  &c*". 

§  217.  Neither  anatomical  nor  physiological  considerations  ren- 
der any  satisfactory  account  of  the  import  and  office  of  the  lym- 
phatic vessels.  Their  roots  or  mode  of  origin,  and  in  part  their 
course,  are  unknown  to  us.  As  to  their  office,  it  is  commonly  said 
that  the  constituents  of  the  blood  which  are  dissolved  in  the  liquor 
sanguinis  or  plasma — the  albumen  and  fibrine — transude  the  walls 
of  the  finest  capillaries,  and  bathe  or  come  into  immediate  con- 
tact with  the  parenchyma  of  all  the  organic  parts;  the  greatest  pro- 
portion of  the  fluid  shed  is  believed  to  be  used  up  either  in  nour- 
ishing the  parts  or  in  furnishing  the  secretions ;  that  portion  of 
the  fluid  which  is  not  expended  in  these  directions,  and  which, 
therefore,  seems  to  be  superfluous,  is  believed  to  *  be  collected  by 
the  net-work  of  lymphatic  vessels  which  is  supposed  to  form  an 
element  in  the  intimate  structure  of  all  the  tissues,  and  to  be  re- 
turned by  the  thoracic  duct  to  the  blood***. 

Domena  are,  however,  susceptible  of  explanation  in  another  way.  The  means  by 
which  the  absorption  of  pus  is  accomplished  are  unknown ;  the  pus- corpuscle  as 
such  cannot  be  taken  up ;  probably  the  mere  serous  part  with  the  pus-molecules 
suspended  or  dissolved  in  it  is  absorbed.  Magendie  denies,  or  at  all  events 
greatly  doubts,  absorption  by  the  lymphatics,  and  is  disposed  to  ascribe  this 
function  entirely  to  the  veins.     See  note  (414)  to  §  214. 

^^  Among  phenomena  of  this  kind  are  to  be  reckoned :  the  disappearance  of 
the  fat  in  old  age  and  in  the  course  of  diseases ;  the  normal  disappearance  of  the 
thymus  from  and  after  the  second  year  of  existence,  the  organ  having  attained 
•its  maximum  development  in  the  course  of  the  first  year  during  the  period  of 
suckling ;  the  absorption  of  parts  that  are  not  properly  organized,  or  of  the  roots 
of  the  milk-teeth  during  the  development  of  the  permanent  set,  the  disappear- 
ance of  bone  in  consequence  of  pressure,  as  of  the  skull  in  cases  of  fungus  of 
the  dura  mater,  of  the  sternum  and  ribs  in  aneurysms  of  the  aorta,  &c.,  and  in 
atrophy  of  the  tissues  in  generaL 

^'^  All  who  have  given  their  attention  to  the  department  of  anatomy  connect- 
ed with  the  subjects  just  alluded  to,  are  aware  of  the  difficulty  and  obscurity 
which  surrounds  it.  Our  knowledge  of  the  lymphatic  system  is  chiefly  grounded 
upon  artificial  injections  with  mercury,  which  are  at  all  times  extremely  deceitful, 
and  liable  to  lead  into  error.  The  accounts  of  the  very  best  observers  must  here 
be  received  with  diffidence*  I  make  no  exception  in  favour  of  those  even  of  such 
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Nutrition  and  Growth. 

I  218.  Nutrition  and  growth  are  connected  with  precisely  the 
same  anatomical  and  physical  conditions  as  absorption.  The  source 
of  all  nutrition  and  of  all  growth  is  the  bloody  from  which  materials 
are  shed  or  separated  to  be  employed  in  the  formation  and  renova- 
tion of  the  tissues.  This  is  obviously  only  to  be  effected  by  the 
parenchyma  imbibing  from  the  capillaries  and  intermediate  vessels. 
The  walls  of  the  most  delicate  vessels  are,  in  fact,  as  competent  and 
disposed  to  permit  the  escape  of  the  plasma  or  liquor  sanguinis, 
charged  with  the  elements  of  nutrition,  from  within,  as  we  have 
seen  them  apt  to  be  penetrated  from  without  by  fluids  holding 
various  substances  in  solution.  We  have  evidence  enough  of  the 
occurrence  of  eorudation,  the  opposite  of  tTtsudation  or  absorption  ; 
but  both  one  and  the  other  are  connected  with  the  same  physical 
peculiarity  of  the  tissues,  a  peculiarity  which  is  farther  most  inti- 
mately allied  to  secretion*  The  transudation  of  vapours,  exhalation, 
as  well  as  that  of  fluids,  exudation,  takes  place  in  conformity  with 
the  laws  of  imbibition, — endosmose  and  exosmose, 

men  as  Fohmann  and  Panizza,  whose  preparations  preserved  in  the  Museums  of 
Heidelberg  and  Pavia,  closely  inspected,  have  rather  tended  to  increase  than 
to  diminish  my  doubts  of  the  correctness  of  their  ideas.  In  the  majority  of 
instances  we  have  no  kind  of  security  that  canals  accidentally  made  in  the 
cellular  tissue  by  the  pressure  of  the  column  of  mercury,  are  not  described  as 
lymphatic  vessels,  or  that  the  cellular  sheaths  of  hlood-vessels  filled  in  the  same 
way,  are  not  viewed  as  lymphatic  trunks.  It  is  very  remarkable  that  in  all  the 
transparent  parts  of  animals  in  which  we  are  in  the  habit  every  day  of  observing 
the  circulation,  and  in  which,  according  to  the  statements  of  the  anatomists  par- 
ticularly named,  and  others,  numerous  and  dense  net -works  of  lymphatic  vessels 
are  present,  we  should  never  discover  any  vessels  circulating  lymph.  Lymphatic 
vessels,  were  they  present  in  fact,  would  certainly  be  visible  firom  the  nature 
of  their  contents  and  the  form  of  the  globules  they  include.  It  is  only  among 
those  amphibia,  as  for  example,  the  turtles,  where  the  lymphatic  vessels  are  veiy 
greatly  developed,  and  where  in  their  course  we  find  pulsating  hearts  firom 
which  lymph  can  be  collected  in  large  quantity,  that  the  observations  of  late 
anatomists  receive  support.  No  department  of  anatomy  seems  deserving  of  so 
careful  and  comprehensive  a  review  as  that  which  hears  reference  to  the  lym- 
phatic system.  Without  accurate  anatomical  knowledge  there  is  no  taking  a 
single  assured  onward  step  in  physiology. 

2  X 


446  NUTRITION    AND    GROWTH. 

I  219.  The  oozing  of  fluids  through  the  tissues  takes  place  after 
death  as  a  purely  physical  phenomenon.  In  the  dead  body  we  con- 
stantly find  that  the  bile  has  made  its  way  through  the  walls  of  the 
gall  bladder,  and  stained  the  organs  in  contact  with  it  of  a  yellow 
colour.  Transudations,  or  effusions  as  they  are  called,  are  con- 
stantly occurring  in  the  course  of  diseases,  in  dropsies,  for  example, 
in  which  a  watery  or  serous  fluid  permeates  all  the  tissues  and  col- 
lects in  quantity  in  the  areolae  of  the  cellular  substance  and  in  the 
serous  cavities  of  the  body.  Exudations  are  frequent  consequences 
of  inflammation.  In  the  course  of  respiration,  water  in  the  form 
of  vapour,  combined  with,  or  holding  carbonic  acid  gas  in  solu- 
tion, permeates  the  vessels  of  the  lungs  and  the  delicate  membrane  of 
the  pulmonary  cells ;  many  odoriferous  or  strong  smelling  substances 
are  also  readily  to  be  detected  in  the  exhalation  of  the  lungs^". 
Every  cold  we  catch  shows  us  how  rapidly  watery  fluids  can  per- 
meate the  mucous  membranes^^.  But  as  in  every  other  process 
of  the  living  organism,  transudation  does  not  any  more  than  absorp- 
tion take  place  in  conformity  with  merely  physical  laws,  else  would 
the  fluids  with  all  their  dissolved  matters  transude  universally,  and 
in  the  same  way,  would  the  extent  to  which  transudation  occurred  be 
regulated  only  by  the  varying  density  or  permeability  of  the  tissues. 
It  would  appear  that  in  the  normal,  as  in  abnormal  or  pathological 

^<^  Diluted  spirits  of  all  kinds,  aether,  camphor,  oil  of  turpentine,  &c,  &c^  in- 
jected into  the  veins  or  taken  into  the  stomach,  are  in  part  at  least  thrown  off 
again  by  the  lungs ;  their  presence  is  immediatelj  proclaimed  by  the  smell  of 
the  breath.  A  few  grains  of  phosphorus  dissolved  in  oil  and  thrown  into  the 
femoral  vein  of  a  dog,  by  and  by  induces  the  exhalation  of  a  thick  white  vapour 
from  the  nostrils,  which  consists  of  phosphorous  acid,  and  shines  in  the  dark 
Vide  on  these  topics  the  Phynohgy  of  Af  agendie,  and  Tiedemann^s  ZeUschriftt 
a  V.  S.  208. 

^^  The  fluid  which  often  distils  from  the  nose  in  such  profusion  during  the 
first  stage  of  a  catarrh,  appears  to  be  a  pure  transudation  from  the  vessels  of  the 
Schneiderian  membrane.  It  consists  in  great  part  of  water,  with  a  small  qoan- 
tity  of  albumen,  which  may  be  coagulated  by  the  addition  of  alcohol  Not  a 
trace  of  mucus  is  discoverable  in  it ;  neither  do  we  observe  any  mingled  epithe* 
Hal  cells.  The  dissolved  saline  matters — mostly  common  salt — shoot  into  their 
appropriate  crystalline  forms  on  the  glass  plate  xipon  which  a  drop  is  made  to 
evaporate.  The  mucus  graduaUy  returns  as  the  secretion  becomes  thicker ;  sod 
now  numerous  epithelial  cells  in  a  state  of  transition  into  pus-corpuscleB  sod 
veritable  pus-corpuscles  make  their  appearance. 
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processes,  certain  substances  only  make  their  way  from  the  blood 
through  the  membranes,  sometimes  albuminous  fluidsonIy,as  in  drop- 
sicfs,  sometimes  fibrinous  fluids,  as  in  the  plastic  exudations  of  in- 
flammation. Foreign  substances  taken  up  into  the  blood,  many  colour- 
ing matters,  for  instance,  unless  they  be  speedily  discharged  again 
through  the  kidneys,  are  deposited  in  certain  parts  or  tissues  of  the 
body*''. 

§  £S0.  In  the  process  of  nutrition  we  are  forced  in  the  present 
state  of  physiology  to  recognize  an  exudation  of  matters  from  the 
blood,  and  the  deposition  of  these  in  the  parenchyma  of  organs. 
Nutrition  in  vascular  parts  is  effected  apparently  by  the  plasma 
transuding  the  parietes  of  the  peripheral  vessels,  and  so  bathing  the 
islets  of  the  parenchyma  immediately.  At  an  earlier  period  it  was 
supposed  that  blood-globules  were  deposited  entire,  and  growth  and 
nutrition  effected  in  this  way;  or  otherwise,  it  was  believed  that 
the  nuclei  of  the  bIood*discs,  or  the  blood-discs  themselves,  became 
aggregated  like  strings  of  beads  in  order  to  form  particular  tissues, 
the  muscular  tissue  in  especial***.  These  views  are,  however,  all 
alike  untenable ;  to  the  best  of  our  knowledge  the  blood-discs  seem 
rather  to  take  no  direct  part  in  the  business  of  nutrition  ;  their  office 

^^  1£aa  animal  have  certain  colouring  matters,  such  as  madder,  mixed  with 
its  food,  the  bones  after  the  lapse  of  a  few  weeks  are  found  of  a  decided  red 
colour ;  when  the  madder  is  left  off,  the  colour  fades  and  by  and  by  disappears 
(the  colouring  matter  has  been  absorbed.)  In  the  same  way  it  has  been  repeatedly 
observed  that  the  continued  use  of  nitrate  of  silver  internally  is  followed  by  a 
dusky  leaden  grey  or  slate  colour  of  the  skin,  which  only  disappears  very  gradu- 
ally, never  save  in  the  course  of  years.  The  salt  of  silver  appears  to  be  depo- 
sited in  the  skin  and  chemically  combined  with  the  organic  substance.  [The 
colouring  matter  of  the  carrot  used  as  a  daily  article  of  food  for  some  time  stains 
the  human  skin  of  a  deep  yellow,  that  of  coffee  makes  it  brown,  &c..    R.  W.] 

^^  Doellinger  believed  that  in  young  fishes  he  had  seen  an  apposition  of  blood- 
corpuscles,  as  also  a  disintegration  of  individual  particles  of  the  granular  paren- 
chyma of  organs,  and  a  transformation  of  these  into  blood-corpuscles.  See  his 
paper  on  the  circulation,  &c.,  in  the  Trans,  of  the  Munich  Academy ^  vol.  VII. 
and  his  work  on  secretion  (Ueber  Absonderung^  18 19. J  No  observer  since  his 
time  who  has  made  use  of  a  good  microscope  has  been  able  to  see  anything  of 
the  kind.  [This  was  the  case  till  the  present  year  (1842),  which  has  witnessed 
a  revival  of  Doellinger*s  notions  by  Dr.  Martin  Bairy,  who  appears  inclined  to 
view  the  blood  disc  as  the  immediate  agent  in  the  construction  of  many  tissues, 
particularly  the  muscular,  the  elementary  fibre  of  which  (designated  a  spiral 
fibre)  may,  according  to  Dr.  Barry,  even  be  detected  in  the  nucleus  of  the  blood- 
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is  not  [certainly]  known  to  us;  but  we  might  presume  that  they  bear 
the  same  relation  to  the  plasma  and  its  normal  composition  as  the  cel- 
lular parts  of  the  secreting  glands  do  to  the  secreted  fluids^^.  It  seems 


disc.  This  view  of  the  mode  in  which  the  tissues  are  ibnned,  is  certainly  too  me- 
chanica],  and  is  I  believe  at  yariance  with  sound  physiology.  In  the  same  way  as  we 
see  the  surface  of  a  fresh  wound  forming  cells  (exudation  corpuscles)  as  a  means 
of  reparation,  out  of  the  liquid  plasma  that  oozes  from  it,  so,  very  certainly,  do  the 
muscles  and  all  the  other  tissues  of  the  body  form  their  constituent  cells  and 
fibres  from  the  liquid  plasma  which  permeates  the  capillary  vessels  in  their 
vicinity  and  bathes  them.  The  blood- corpuscles  themselves  are  but  transition 
forms,  means  to  a  specific  end,  free  secreting  cells,  their  secretion  being  the 
plasma  or  general  formative  fluid.  (See  addition  to  next  note.)  From  the  state- 
ments  of  M.  Magendie,  (Lectures,  in  the  Lancet^  1838-39,  vol.  L  p.  255,)  it 
would  seem  that  a  mere  clot  of  fibrine  is  a  solid  having  a  certain  structure ;  s 
view  which  is  confirmed  by  the  observations  and  figures,  contributed  to  Gerber's 
Anatomy y  by  Mr.  Gulliver,  (p.  30  et  seq. ;  Appendix,  p.  14,}  who  depicts  fibrilB, 
organic  germs  or  cell-like  objects,  and  granular  matter,  in  fibrine  which  has  set 
simply  from  death ;  he  has  also  shown  the  same  structure  in  fidse  membreoes 
(loc.  cit.  fig.  272).  In  a  clot  of  fibrine,  then,  there  is  a  curious  structure 
which  is  not  less  complicated  than  that  of  many  permanent  tissues — a  fact  which 
should  not  be  lost  sight  of  by  those  physiologists  who  may  be  disposed  to  refer 
either  growth  or  nutrition  to  the  immediate  mechanical  agency  of  the  corpuscles 
of  the  blood. 

The  important  discoveries  of  Schwann  as  to  the  origin  of  all  the  tissues  fit)m 
cells  should  be  especially  examined  in  relation  to  these  primordial  fibres  in 
fibrine.  Mr.  Gulliver  never  saw  any  evidence  of  their  being  altered  cells;  in- 
deed the  fibres  appear  so  quickly  after  coagulation,  that  he  may  well  ask  how 
their  origin  can  be  accounted  for  upon  Schwann's  theory.  See  Gulli?er*i 
Contributions,  &c.,  Lond,  and  Edin,  PML  Mag.  for  Aug.  Sept.  and  Oct.  1842. 
ILW.] 

^'^  I  shall  have  occasion  by  and  by  to  speak  of  the  influence  which  the  blood- 
discs  may  have  in  acting  as  a  stimulus  upon  the  central  parts  of  the  ner?ou8 
system.  It  is  for  the  rest  very  possible,  nay  extremely  probable,  that  the  blood- 
corpuscles  exert  a  direct  influence  upon  the  constitution  of  the  blood  (die  Bbd' 
fttUchung,)  [In  the  sentence  to  which  this  number  refers,  I  have  transposed  a 
couple  of  lines  from  the  notes  to  the  text,  inasmuch  as  they  seem  to  me  to  coo- 
tain  the  essence  of  an  important  discovery  which  belongs  of  right  to  our  mgeoi- 
ous  author.  Tuipin  spoke  of  the  blood-discs  as  peculiarly  organized  bodies, 
possessed  of  a  power  of  absorption,  assimilation,-  and  growth,  and  having  a  certam 
determinate  period  of  existence ;  HOnefeld  compared  them  to  the  ova  of  birds : 
Schwann  regarded  them  as  equivalent  to  the  cells  of  the  animal  tissues  generally ; 
and  Valentin  to  the  nuclei  of  cells;  but  Dr.  Wagner  is,  I  believe,  the  first  who 
has  said  in  express  terms  that  the  hlood'duc^  hear  (he  same  relation  to  tke  plasma 
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very  probable  that  the  stream  of  plasma  which  is  in  contact  with  the 
walls  of  the  vessels  (§  122) «  and  in  which  the  lymph  corpuscles  swim, 
stands  in  intimate  relationship  with  the  nutrition  of  the  tissues ;  the 
slowness  of  its  motion  through  the  capillary  vessels  must  facilitate  its 
transudation  through  the  delicate  walls  of  the  containing  channels. 
The  absence  of  these  lymph-streams  in  the  vessels  of  the  lungs  testifies 
in  favour  of  this  idea  (§123.)  The  un-vascular,  or  as  they  used  to  be 
regarded,  un-organized  parts  and  tissues,  also  depend  for  their  growth 
and  nutrition  upon  the  blood^^.  All  these  tissues, — the  epidermis, 
the  hair,  the  teeth,  the  crystalline  lens,  the  epithelia — are  ministered 
toby  some  element  of  the  blood :  they  every  one  consist  of  cells ^'^ ; 
their  growth  takes  place  by  apposition  ;  the  cells  which  lie  deepest  or 
nearest  the  blood-vessels  are  constantly  being  renewed,  andare  largest, 
softest,  most  perfect,  and  frequently  full  of  fluid  derived  from  the 
blood ;  whilst  the  more  remote  cells  become  dry,  and  are  pushed  on- 
wards and  in  many  cases  cast  loose  and  detached, — the  epidermis 
and  epithelia,  for  example,  are  in  a  perpetual  state  of  renovation,  the 
outermost  layers  exfoliating  continually.  The  layers  of  these  tissues 
which  lie  nearest  to  the  capillary  vessels  are  consequently  nourished 
essentially  in  the  same  way  as  the  other  more  highly  organized  and 
more  vascular  tissues,  such  as  the  muscles,  the  nerves,  &c^^. 

and  iUnormalcompontionasthe  cells  of  secreting  glands  to  their  secretions  (Zehrb.  des 
Phytioh  2te  Abth.  Leipz.  1840.)  The  same  idea  is  propounded  by  Henle  (ABgem, 
Anatomies  Leipz.  1841),  who,  in  speaking  of  the  blood-discs  says  (op.  cit.  p.  460) : 
They  may  be  regarded  as  suspended  glandular  corpuscles^  which  take  up  a  cer- 
tain matter  from  the  plasma  [chyle],  alter  it  in  all  probability,  and  restore  it 
when  duly  prepared  to  the  plasma,  they  being  themselves  dissolved.  In  this 
way  we  can  understand  how  they,  though  not  the  directly  nutrient,  are  still  the 
▼ivi^ng  element  in  the  blood."  At  p.  979  he  reverts  to  this  subject  in  these 
words  .  ^  I  have  already  spoken  of  the  blood-corpuscles  as  floating  glandular 
celle,  and  can  illustrate  the  function  of  the  cells  of  glands  by  their  means :  As 
the  blood-corpuscles  arise  in  the  blood,  or  more  properly  in  the  chyle,  so  do 
the  cells  of  glands  arise  in  the  nutrient  plasma,"  &c.  See  in  connexion  with  this 
interesting  topic  my  Annot.  No.  406.    R.W.] 

^^  The  older  division  of  tissues  into  organized  and  unorganized  is  rendered 
inadmissible  by  the  recent  advances  of  histological  knowledge :  all  the  tissues 
are  organized. 

^^  The  cellular  structure  of  hair  is  beautifrilly  seen  in  that  of  the  deer  kind. 
The  pigmentary  cells  from  the  choroid  coat  of  the  eye  are  also  excellent  subjects 
for  the  study  of  the  cellular  character. 

^^  [It  is  easy  enough  to  explain  the  escape  of  fluids,  from  their  containing  chan- 
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§  221.  In  nutrition  we  observe  the  same  remarkable  circumstances 
as  in  resorption  and  secretion,  viz :  the  specific  transformation  and 
deposition  of  determinate   substances  in  determinate  situations. 
Every  tissue,  every  organ  attracts  from  the  blood  particles  similar 
to  itself,  or  metamorphoses  the  proximate  principles  of  the  blood  into 
its  own  elements.    The  chemical  constitution  of  the  different  tissues 
shows,  however,  that  their  proximate  principles  are  already  in  part 
present  in  the  blood»  fibrine  for  example,  of  which  the  muscles  con- 
sist almost  entirely,  and  albumen,  which  is  contained  in  so  many  of 
the  tissues.    Still,  in  the  deposition  of  the  elements  of  the  blood  in 
the  tissues,  other  and  various  combinations  of  its  primary  constituents 
and  radicals   are  encountered  just  as  they  are  in  the  secretions. 
This  deposition  and  alteration  of  the  constituents  of  the  blood,  this 
contribution  and  transformation  of  its  elements  towards  the  integ- 
rity and  perpetual  regeneration  of  the  tissues,  of  course  proceeds  so 
slowly  as  entirely  to  escape  observation.     The  process,  however, 
varies  greatly  according  to  age,  constitution,  idiosyncrasy,  state  of 
health,  &c»    It  is  most  rapid  in  youth,  during  the  growth  of  the 

nelB  for  the  purposes  of  nutrition  and  vital  endowment :  the  push  of  the  heart 
and  the  spongy  texture  of  the  minuter  arteries  suffice  for  this.     It  is  much  more 
difficult  to  give  a  reasoD  for  the  return  of  the  plasma  so  exuded,  contaminated 
doubtless  with  the  re-liquiiied  effete  particles  of  the  body,  into  the  venous  circu. 
lation.    In  fact,  no  explanation  of  the  way  in  which  this  return  is  effected  has 
ever  been  offered.    My  views  and  observations  lead  me  to  ascribe  it  among  all 
the  more  perfect  animals  to  the  influence  of  the  cutaneous  exhalation,  which  in 
causing  a  difference  of  density  between  the  outgoing  and  incoming  currents  of  blood, 
secures  the  conditions  necessaiy  to  the  endosmotic  flow  towards  the  veins,  of  the 
existence  of  which  our  experiments  with  poisons  afford  ua  such  indubitable  en- 
dence.    I  have  shown  in  my  portion  of  Annot.  342,  that  the  serum  and  blood  of 
the  current  flowing  towards  the  heart  is  of  greater  density  than  that  which  is 
leaving  it.  The  quantity  of  water  thrown  off* by  the  hunum  skin  in  a  day  amounts 
to  upwards  of  30  ounces  as  a  mean,  about  as  much,  consequently,  as  is  got  rid  of 
by  ^e  kidney ;  by  the  whole  amount  of  the  water  thus  eliminated  from  the  skin, 
however,  must  the  venous  blood  of  the  peripheral  parts  of  the  body  be  more  dense 
than  the  arterial  blood,  and  in  the  ratio  of  its  greater  density  must  be  the  force 
of  the  endosmotic  stream  from  the  areolae  of  the  tissues  towards  it  in  its  contain- 
ing  channels.     The  lymphatic  system  I  hold  subordinate  to  the  same  end; 
it  is  developed  in  the  rado  of  the  impermeability  of  the  general  integument  of 
the  body,  ex  gr.  among  the  lizards,  crocodiles  and  tortoises.    I  shall  not  pursue 
this  topic  farther  here,  but  beg  to  refer  to  a  short  Essay  which  I  have  prepared 
and  mean  immediately  to  publish  on  the  Special  Functions  of  the  Skin.  R.  W.] 
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body ;  it  is  greatly  less  in  old  age ;  but  it  differs  widely  with  refe- 
rence to  particular  organs.  Morbid  conditions  of  the  most  different 
kinds,  too,  such  as  profuse  hemorrhages  and  diarrhoeasi  fevers, 
excessive  bodily  and  mental  efforts,  the  depressing  affections,  such 
as  care  and  sorrow,  &c.  are  all  incompatible  with  perfect  and 
powerful  nutrition,  and  induce  wasting  of  the  several  organs.  In 
simple  hypertrophy  and  atrophy  of  individual  organs,  we  have  in- 
stances of  nutrition  locally  increased  and  diminished^^. 

§  222.  The  circumstances  connected  with  the  nutrition  of  the 
foetus  are  in  some  sort  peculiar.  We  have  seen  (§81  note)  that  in 
man  and  the  mammalia  there  is  no  direct  vascular  connexion  be- 
tween the  parent  and  the  embryo.  The  highly  developed  capillary 
vessels  of  the  foetal  portion  of  the  placenta  form  loops  which  are 
enclosed  in  villous  processes  and  surrounded  by  a  delicate  membrane. 
These  are  bathed  by  the  blood  of  the  mother,  and  it  is  here  that  an 
interchange  of  matters  is  effected.  The  entire  anatomical  structure 
and  the  growth  of  the  foetus,  explicable  in  another  way,  lead  us 
to  conclude  that  the  vessels  of  the  foetal  placenta  absorb  matters 
from  the  blood  of  the  parent  in  conformity  with  the  laws  of  endos- 
mose  and  exosmose,  and  that  these  matters  are  expended  on  the 
growth  and  maintenance  of  the  foetus.  Lymphatics  have  not  been 
certainly  demonstrated  in  the  umbilical  cord  and  placenta,  so  that 
the  umbilical  vein  must  be  the  channel  by  which  the  nutrition  of 
the  foetus  is  accomplished. 

^33  ^piie  diminished  nutrition  that  accompanieB  profnse  discharges  may  be  ex- 
plained from  the  abstraction  of  elements  from  the  blood  which  would  have  been 
expended  for  purposes  of  nutrition.  In  febrile  diseases  with  diminished  secre- 
tion, again,  the  defective  nutrition  may  depend  on  the  indisposition  to  take  food, 
and  the  tardy  and  imperfect  digestion  which  any  that  is  taken  undergoes.  (§  135 
note.)  That  the  more  rapid  circulation  in  inflammatoiy  and  nervous  fevers  can 
have  any  influence  in  the  direction  indicated,  by  preventing  the  due  exudation  of 
plasma  and  consequent  deposition  of  nutritive  matters,  is  an  idea  which  cannot 
be  entertained.  [Surely  the  explanation  is  not  difficult  here :  in  febrile  and  in« 
flammatory  diseases,  one  of  the  processes  that  most  rapidly  consumes  the  body  is 
even  increased  in  energy — ^the  respiratory  process;  but  as  food  cannot  be  taken, 
or  if  taken  cannot  be  digested  and  assimilated,  and  as  the  oxygen  of  the  inspired 
air  most  combine  with  carbonaceous  matter,  if  life  is  to  continue,  it  seizes  upon 
and  consumes  the  carbon  of  the  body  itself,  which  therefore  and  of  necessity 
wastes ;  the  body  may  be  then  likened  to  a  cistern  from  which  the  supply  has 
been  cut  off,  whilst  the  tap  is  left  running.    R.  W.] 
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§  S23»  All  the  materials  expended  in  the  nutrition  of  the  body 
are  derived  by  the  blood  from  the  food,  which  is  with  perfect  pro- 
priety spoken  of  as  more  or  less  nutritious.  From  the  food,  how- 
ever, are  derived  only  the  elements  of  the  tissues  and  the  proxi- 
mate principles  of  the  body.  These  consist  especially  of  albumen, 
fibrine,  haematine  and  globuline  and  fat ;  in  the  whole  of  these  sub- 
stances save  the  last,  azote  is  a  constant  and  necessary  ingredient, — 
it  is  present  in  them  all  in  considerable  quantity ;  they  are  also  very 
rich  in  carbon,  less  so  in  oxygen,  and  poor  in  hydrogen.  The  whole 
of  them  as  well  as  the  inorganic  constituents  of  animal  bodies  exist  in 
the  generality  of  alimentary  articles,  whether  derived  from  the  animal 
or  vegetable  kingdom.  It  would  seem  that  the  most  perfect  nutrition 
implied  the  necessity  of  a  certain  variety  and  change  in  the  articles 
of  aliment :  the  various  compounds  which  make  up  the  body,  require 
supplies  of  differently  compounded  substances  for  their  maintenance 
and  regeneration.  Hence  the  general  advantages  of  a  mixed  diet 
of  animal  and  vegetable  substances  of  good  quality  and  in  adequate 
quantity ;  this  is  unquestionably  the  diet  upon  which  the  health 
and  strength  of  man  in  all  the  temperate  zones  of  the  earth  are 
best  maintained.  On  the  same  grounds  is  milk  an  article  of  suste- 
nance, which  from  its  composition,  from  its  containing  all  the  sub- 
stances in  due  proportion  that  are  required  to  preserve  and  restore 
the  constituent  parts  of  the  organism — caseine,  (which  represents 
fibrine  and  albumen)  fat,  sugar  of  milk,  and  all  the  extractive 
matters  and  salts  which  are  found  in  the  animal  fluids — is 
competent  by  itself  to  maintain  the  body  for  a  long  time 
in   its  integrity^'^      Almost   every  other  article,  how  digestible 

^^  Dr.  Prout  showed,  in  a  very  ingenious  manner,  that  all  alimentary  matters 
might  be  referred  to  three  great  classes — a  saccharine,  an  oleaginous,  and  an 
albuminous  class.  The  saccharine  class  is  deriyed  especially  from  the  vegetable 
kingdom,  and  consists  almost  exclusiyely  of  carbon  and  oxygen,  with  a  small 
proportion  of  hydrogen  ;  oils  and  fats  are  rich  in  carbon  and  hydrogen,  and  con- 
tain much  less  oxygen  than  sugar ;  albumen,  besides  carbon,  hydrogen  and  oxy- 
gen, contains  a  notable  quantity  of  azote.  But  the  principal  constituents  of 
milk — sugar  of  milk,  butter,  and  caseine — represent  precisely  the  three  daases 
into  which  food  of  every  kind  may  be  arranged.  See  his  very  able  treatise. 
Chemistry,  Meteorology  and  Digestion,  8vo.  Lond.  1834.  [Another  and  more 
physiological  division  of  alimentary  matters  were  probably  into  a  carboniferous 
and  an  azotiferous  class,  the  carboniferous  standing  in  relation  to  the  respiratory 
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soever  it  may  be,  is  known  to  be  inadequate  without  additions  to 
nourish  the  body  and  support  life  for  any  length  of  time.  This 
is  a  fact  that  has  been  demonstrated  by  direct  experiments^ 
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§  £24.  It  is  a  matter  of  great  interest  to  compare  the  nutritive 
processes  of  vegetables  with  those  of  animals.  The  process  of  assi- 
milation in  the  plant  is  much  more  simple  than  in  the  animal,  and 
consequently  much  more  easily  followed  in  its  chemistry  and  me- 
chanism^    We  have  already  spoken  of  the  formation  and  circula- 

process  or  the  generation  of  heat,  the  azotiferous  in  relation  to  the  maintenance 
of  the  yarious  tissues  of  the  body  at  large.  To  the  first  class  we  should  refer 
starch  in  all  its  shapes,  sugar,  gum,  oil  and  fat ;  to  the  second,  vegetable  and 
animal  fibrine,  albumen,  and  caseine  especially.     R.  W.] 

^^  Consult  the  interesting  experiments  of  Magendie,  in  his  Elements  of  Phy 
nology.  Dogs,  when  fed  on  sugar  and  water  alone,  wasted  rapidly,  became 
extremely  weak,  and  died  in  from  four  to  ^ve  weeks ;  fed  with  oil,  gum,  or  butter 
alone,  the  result  was  the  same,  or  life  was  not  protracted  for  more  than  a  few 
days  longer ;  these  articles  are  all  recognized  as  digestible,  and  they  are  nutri- 
tious when  taken  along  with  other  substances ;  but  they  contain  no  azote,  and  are 
innutritions  when  used  alone.  The  most  highly  azotized  articles,  however,  when 
given  without  admixture — such  as  cheese  and  hard  eggs,  are  found  inadequate  to 
minister  to  health  and  long  life ;  animals  restricted  to  such  diet  live  long  indeed, 
but  they  soon  become  weak  and  lean,  lose  their  ctmts,  &c.,  the  nutrition  evidently 
suffering  greatly.  All  this  speaks  loudly  against  uniformity  of  food  as  a  dietetic 
rule ;  sameness  is  to  be  avoided  as  much  as  possible,  and  articles  of  different 
kinds  are  to  be  mixed  altogether.  [In  America  it  is  known  that  a  pig  will  be- 
come poor,  and  even  starve,  if  kept  upon  apples,  pumpkins,  or  potatoes  alone, 
but  that  it  will  &tten  if  it  have  a  mixture  of  the  three.  It  is  the  same  with  most 
other  articles  of  food.  Where  man  is  confined  to  animal  substances  alone,  as  he 
is  in  the  extreme  north,  the  food  is  very  fat ;  fat  is  here  the  representative  of  the 
saccharine,  gummy  and  amylaceous  principles,  which  are  such  important  articles 
of  sustenance  over  three  fourths  of  the  earth's  surface.  In  restricting  diabetic 
patients  to  animal  food,  it  is  very  important  that  this  be  fat,  not  lean,  as  it  is 
commonly  directed.  Bacon,  brisket  of  beef,  and  breast  of  mutton,  are  the  arti- 
cles or  parts  to  be  recommended,  not  rump-steaks  and  mutton-chops.    R.  W.] 

^^  See  the  very  remarkable  work  of  Liebig,  "  Organic  ChemUlry  in  its  Ap' 
plications  to  Agricuiture  and  Physiology"  ed.  by  L.  Playfair,  8vo.  Lond.  1840, 
which  merits  the  most  careful  study  of  the  physiologist.  The  statements  in  the 
text  may  be  viewed  as  very  brief  abstracts  from  this  publication.     Unfortunately 

2   Y 
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tion  of  the  sap  in  vegetables,  §  107.  Vegetables  absorb  fluids 
alone,  or  matters  in  a  state  of  solution.  The  crude  sap  which  they 
derive  from  the  soil  through  the  roots,  consists  in  great  part  of 
water  strongly  impregnated  with  carbonic  acid.*"  This  carbonic 
acid  dissolved  in  the  water  accompanies  the  crude  sap  in  its  coune 
through  the  whole  plant,  fills  the  cells,  the  intercellular  canals — 
every  part,  in  a  word.  In  the  cells  the  sap  which  has  now  under- 
gone a  certain  amount  of  elaboration  is  also  in  motion,  rising  and 
falling  along  their  walls  (the  rotation  of  the  cellular  sap,  §  107). 
Here,  in  contact  with  the  substance  of  the  plant,  it  is  that  the  con- 
solidations and  assimilations,  the  various  excretions  and  depositions 

we  possess  no  parallel  work  on  the  assimilatory  processes  of  animals.  The  work 
of  Prout  cited  in  Annot.  434  alone  glances  at  the  subject  under  the  same  point  of 
view.  Any  succeeding  treatise  must  unquestionably  follow  in  the  path  so  hap- 
pily struck  out  by  Liebig,  and  be  grounded  on  the  reciprocal  chemical  reUtiooB 
between  the  matters  consumed  as  food  and  the  particles  of  the  body.  [The  gap 
here  pointed  out  has  been  very  recently  filled  by  a  second  work  of  the  Professor  of 
Giessen  :  Organic  Chemistry  in  its  AppUcatUnis  to  Physiology  and  Pathologi/t  by 
Justus  Liebig,  edited  firom  the  MS.  by  W.  Gregory,  M.D.  8to.  Lond.  1842. 
Occasion  has  already  been  taken  by  the  translator  and  editor  of  this  work  to  re- 
fer to  the  interesting  views  of  Liebig  in  connexion  with  the  subject  of  assimila- 
tion. Annot.  224.    R.  W.] 

^^"^  The  absorption  by  vegetables  of  carbonic  acid  from  the  atmosphere, 
through  the  medium  of  the  soil,  had  already  been  demonstrated  by  Saussore, 
Ingenhousz,  Priestley,  Sennebier  and  others.    The  leaves  and  all  the  green  parts 
of  plants  possess  the  property  of  abstracting  this  gas  from  the  atmosphere;  even 
detached  portions  of  plants  have  the  same  remarkable  faculty ;  a  slip  of  a  plant 
put  into  a  jar  containing  water  impregnated  with  carbonic  acid,  soon  removes 
the  whole  of  it ;  [the  branch  of  a  vine  confined  in  a  glass  tube  in  bright 
sun-shine,  will    completely  absorb  a  considerable    stream  of   carbonic  acid, 
introduced  at  one  extremity  of  the  tube,  fixing  the  carbon  and  liberating  the 
oxygen.]     The  greater  number  of  vegetables  derive  the  carbonic  acid  which  they 
require  as  food  from  the  soil  in  which  they  grow ;    a  principal  part  of  most 
soils,  however,  is  humus,  a  substance  which  consists  of  organic,  especially  vege- 
table, particles  in  a  state  of  decomposition ;  humus  in  contact  with  the  air  has  the 
power  of  converting  its  oxygen  into  an  equal  volume  of  carbonic  acid  gas ;  with 
the  disappearance  of  the  oxygen,  the  process  of  decomposition  ceases.    [Proba- 
bly the  most  prolific  of  all  soils  is  that  formed  by  decomposing  lava,  which  con- 
tains little  or  no  humus ;  but  it  has  the  salts  which  vegetables  most  crave  m 
abundance,  and  stimulated  by  these  the  air  supplies  them  with  the  carbon  and 
azote  which  they  require  in  addition  to  enable  them  to  flourish  with  the  great- 
est luxuriance.    Vide  Liebig^s  Vegetable  Organ,  Chemistry^  sup.  cit.    R»  W.J 
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that  constitute  the  nutrition  of  the  vegetable,  are  accomplished ; 
here  it  is  that  the  various  proximate  principles  of  vegetables,  the 
sugar,  gum,  starch,  &c.  substances  which  contain  all  the  elements  of 
the  woody  fibre,  are  prepared  or  produced  *^®.  The  principal  mass 
of  everj  vegetable,  however,  consists  of  carbon  and  the  elements  of 
water,  which  are  present  within  the  vegetable  in  the  same  propor- 
tions as  in  water  itself.  Vegetables  receive  their  carbon  from  the 
carbonic  acid  dissolved  in  the  water  which  is  absorbed  by  the  roots, 
and  this  again  is  derived  from  the  atmosphere  and  the  decomposing 
humus  of  the  soil.  In  fixing  the  carbon,  there  must  of  course  be 
an  extrication  of  oxygen ;  and  this  gas  vegetables  actually  give  off 
abundantly  in  bright  day-light  and  sunshine^^.  For  every  volume 
of  carbonic  acid  that  is  fixed  by  vegetables,  the  atmosphere  receives 
an  equal  volume  of  oxygen  gas.  This  simple  assimilation  of 
carbon  by  vegetables  has  been  demonstrated  by  unquestionable  ex- 
periments. It  is  even  as  easy  to  indicate  the  origin  of  the  other 
elementary  matters  which  enter  into  the  composition  of  vegetables. 
Among  the  most  general  of  the  constituents  of  plants  are  the  vege- 
table acids,  in  which  the  elements  of  water  with  a  certain  excess  of 
oxygen  are  combined  with  carbon^^.  In  the  fat  oils  and  essential 
oils,  in  wax  and  the  resins,  again,  the  carbon  is  combined  with  the 

^^  That  these  arc  deposited  in  the  cells  in  a  purely  mechanical  manner,  is 
readily  seen  by  the  aid  of  the  microscope.  A  delicate  slice  of  a  potatoe  shows 
the  starch  granules  lying  within  the  cells ;  wetted  with  some  strong  tincture  of 
iodine,  the  starch  granules  are  immediately  coloured  of  a  beautiful  violet  blue, 
whilst  the  walls  of  the  cells  are  tinged  of  a  brownish  yellow. 

*^  The  extrication  of  oxygen  takes  place  under  the  influence  of  the  sun^s 
light ;  when  fresh  slips  of  plants  covered  with  leaves  are  placed  in  water  contain- 
ing carbonic  acid  gas,  this  disappears ;  if  they  be  now  exposed  to  the  light  of 
the  sun,  they  begin  immediately  to  give  off  oxygen,  which  may  be  collected  under 
a  bell-glass  and  proved.  Such  a  process  of  accumulation  and  decomposition  of 
carbonic  acid  is  repeated  daily  in  the  living  vegetable :  the  roots  and  other 
parts  which  have  the  faculty  of  absorbing  carbonic  acid  from  the  soil  and  air  go 
on  appropriating  it  continually ;  the  gas  accumulates  in  the  body  of  the  plant 
during  the  night  and  in  cloudy  weather,  when  some  portion  of  it  even  passes  off 
unchanged  by  the  leaves ;  but  in  bright  day -light,  and  particularly  in  sunshine, 
the  carbon  of  the  carbonic  acid  is  assimilated  by  the  solid  parts  of  the  vegetable, 
and  the  oxygen  thus  set  iree  is  given  off. 

^^^  These  vegetable  acids  are  constituents  of  all  vegetable  juices,  and  exist 
very  commonly  combined  with  inorganic  bases,  so  that  they  present  themselves 
in  the  shape  of  neutral  or  super-salts. 
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elements  of  water  alone,  without  any  additional  quantity  of  oxygen, 
or  ofthis  last  substance  there  is  present  a  very  small  proportion  only, 
always  less  than  the  atomic  weight  in  which  oxygen  combines  with 
hydrogen ;  these  substances  consequently  are  compounds  of  carbon 
with  the  elements  of  water,  plus  a  certain  proportion  of  hydrogen. 
The  hydrogen  and  oxygen  of  the  substances  mentioned,  are  un- 
doubtedly derived  from  the  absorbed  water,  which  must  be  decom- 
posed. Azote  enters  in  but  small  proportion  into  the  constitution  of 
vegetables  in  general ;  still  it  is  never  wanting,  and  is  a  very  principal 
element  in  vegetable  albumen,  in  gluten  or  vegetable  fibrine,  and 
in  legumen  or  vegetable  casein,  which  are  met  with  so  invariably  in 
the  fruits  and  seeds  of  vegetables.  Ammonia  has  very  recently  been 
indicated  as  the  source  of  the  azote  present  in  vegetables  and  their 
products ;  this  substance  is  always  present  in  the  atmosphere,  although 
in  very  small  quantity,  and  being  precipitated  in  every  shower  of  rain, 
is  thus  brought  within  the  sphere  of  the  absorbing  and  assimilating 
powers  of  plants**^  Besides  the  four  simple  substances,  of  which 
the  source,  and  the  part  they  play  in  the  nutrition  of  vegetables,  have 
just  been  pointed  out,  vegetables  generally  contain  certain  inorganic 
substances, — alkalis,  earths,  salts.  These  are  of  course  derived  from 
the  soil  upon  which  vegetables  grow,  and  seem  quite  indispen- 
sable to  their  health,  and  even  to  their  existence.  It  is  in  the  sap 
contained  within  the  cells  of  vegetables  that  those  remarkable  com- 
binations of  elements,    those  formations   and   transformations  of 

^**  The  important  discovery  that  vegetables  very  generally  acquire  their 
azote  from  ammonia,  is  due  to  Liebig ;  up  to  his  time  it  was  always  believed  to 
be  obtained  directly  from  the  atmosphere ;  but  verj'  few  vegetables  have  the 
power  of  fixing  the  azote  of  the  atmosphere ;  on  the  contrary,  many  actually  gt^e 
off  azote,  which  they  have  taken  up  either  by  their  roots  or  leaves  from  (^ 
atmosphere.  Liebig  has  shown  how  and  by  what  means  ammonia  is  engendered 
and  gets  into  the  atmosphere  for  the  use  of  vegetables.  It  is  the  product  of  the 
decomposition  of  all  animal  and  azotized  substances,  and  is  evolved  in  great 
abundance  from  putrifying  carcasses,  dunghills,  &c.  A  certain  proportion  of  the 
ammonia  so  engendered  unites  with  acids,  and  in  the  shape  of  a  sulphate,  a  mu- 
riate, a  nitrate,  a  phosphate,  an  oxalate,  or  a  carbonate,  is  seized  upon  bj  the 
roots,  and  assimilated  in  the  body  of  the  vegetable  ;  the  carbonate  of  ammonia, 
again,  as  an  extremely  volatile  salt,  diffuses  itself  widely  through  the  atmos- 
phere, but  it  is  brought  down  to  the  ground  by  the  first  shower  of  rain  thatfaUs^ 
and  so  is  made  available  to  vegetation.  It  is  on  this  account  that  rain-water 
and  snow  always  contain  ammonia. 
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proximate  principles^  take  place  which  conduce  to  their  ultimate 
nutrition,  and  to  the  preparation  of  their  various  secretions.  The 
chemical  processes  as  well  as  the  vital  processes  are  of  a  much  more 
simple  character  in  the  bodies  of  plants  than  in  those  of  animals, 
where  a  much  greater  variety  of  aliment  of  a  much  more  complex 
composition  is  assumed,  and  where  more  diversified  combinations 
of  elements  into  new  radicals,  and  transformations  of  these  into  the 
proximate  principles  of  the  various  tissues  and  organs  of  the  body, 
are  effected.  But  the  intimate  or  proper  process  of  nutrition 
and  secretion,  or  the  specific  influence  of  the  organic  substance  upon 
the  matters  brought  within  the  sphere  of  its  chemical  agency,  is  as 
much  an  enigma  in  the  simplest  vegetable  as  it  is  in  the  most  com- 
plex animal.^ 
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'^^  [To  me  I  own,  that  the  Vegetable,  in  reference  to  the  aisimilating  power, 
IB  more  wonderful  than  the  Animal.  Vegetables  create^  animals  seem  only  to 
harrow.  Vegetables,  by  an  inherent  and  wonderful  virtue,  decompound  carbonic 
acid,  water,  and  the  salts  of  ammonia,  and  out  of  these  fashion  principles,  as 
nearly  as  may  be,  identical  with  the  most  important  proximate  principles 
of  the  animal  body.  The  process  of  assimilation  may  indeed  be  more  simple, 
chemically  considered,  in  the  vegetable,  but  it  is  certainly  more  remarkable  and 
of  greater  power  than  in  the  animal.  Animals  are  entirely  dependent  upon 
vegetables ;  without  the  creating  faculties  of  these,  animals  would  speedily  cease 
to  exist.  In  connexion  with  the  topics  that  immediately  precede,  M.  Dumas* 
Eisaide  statiqw  chemiqiLe  des  etres  organises  (8vo.  PariSj  1842,  2nd  edit.)  ought 
to  be  consulted.  It  is  an  admirable  little  work,  and  may  be  read  again  and 
again  with  renewed  pleasure,  clear  in  language,  grasping  and  yet  explicit  in  ita 
general  views.  In  some  observations  on  the  subject  of  this  essay,  which  may 
be  found  in  the  4th  vol.  of  the  drd  series  of  the  Amudes  de  ChmU  (1842),  M. 
Dumas  assigns  the  discovery  of  the  important  part  which  ammonia  plays  in 
vegetation  to  M.  Schattenmann  of  Bouxwiller  (183^)  ;  and  the  interesting  fact 
that  the  azotized  organic  substances  formed  by  vegetables  pass  without  change 
into  the  bodies  of  animals,  to  Messrs.  Prevost  and  Leroyer  (1824).  With  all 
this  there  is  still  the  great  honour  due  to  Liebig  of  having  seen  more  clearly 
than  any  of  his  predecessors  the  bearing  of  the  various  data  in  the  chemistry  of 
vegetable  and  animal  assimilation,  which,  up  to  the  appearance  of  his  two  works 
already  quoted,  were  in  some  sort  disjecta  membra.  If  Messrs.  Prevost  and 
Leroyer  observed  that  vegetable  albumen  passed  into  the  bodies  of  animals 
without  change,  they  do  not  seem  to  have  indicated  vegetables  as  the  creators 
of  albumen  and  other  azotized  principles  for  the  use  of  animals,  which  they 
certainly  are.    R.  W.] 
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INTERCHANGE  OF  ELEMENTS. 

$  225.  All  organic  bodies  are  in  a  perpetual  state  of  renovation 
and  decay ;  all  are  incessantly  giving  off  and  taking  in  the  matters 
which  enter  into  their  constitution  ;  there  is  no  pause,  no  rest  from 
the  beginning  of  life  to  its  end.     The  entire  business  of  assimilation 
and  secretion  is  in  fact  comprised  in  this  ceaseless  transformation  of 
material ;  and  the  very  existence  of  the  organic  vital  processes  may 
be  said  to  depend  on  an  interchange  of  external  matters  and  elements, 
which,  now  portions  of  the  vegetable,  now  portions  of  the  animal 
kingdom,  are  soon  restored  by  this  again  to  recommence  the  round. 
What  vegetables  most  require,  especially  for  the  development  and 
maturation  of  their  seeds  and  fruits,  proceeds  in  great  measure,  as  we 
have  just  seen  (§  2S4),  from  the  animal  body.     The  carbonic  acid  of 
the  atmosphere  is,  in  some  considerable  measure  at  least,  derived  from 
the  bodies  of  men  and  animals,  which  expire  and  throw  it  off  from 
their  lungs  and  skin.    This,  vegetables  greedily  seize  upon  dissolved 
in  water  by  means  of  their  roots  and  leaves,  turn  the  carbon  into 
their  proper  substance,  and  give  off  the  oxygen.  Man  and  animals, 
again,  inhale  the  oxygen  so  produced,  and  combining  it  with  the  car- 
bon which  they  have  taken  into  their  bodies  in  the  shape  of  aliment, 
restore  it  as  carbonic  acid  gas.   The  azote  of  their  food,  again,  they 
return  in  their  excrements,  their  urine  especially,  as  manure  to  the 
ground ;  and  finally,  by  the  decomposition  of  their  bodies  they  give 
back  all  that  remained  with  them  when  life  ceased,  in  the  shape  of 
ammonia  to  that  atmosphere  whence  vegetables  by  the  aid  of  water 
mainly  derive  the  supplies  of  azote  that  are  necessary  to  their  con- 
stitution and  vital  manifestations.     The  atmosphere  in  its  ceaseless 
changes  of  temperature,  and  its  unvarying  sameness  of  elementary 
constitution,  transports  towards  either  pole  the  oxygen  that  is  pro- 
duced in  such  abundance  by  the  vegetable  world  within  the  tro- 
pics,  and  in  return    bears  back    from   the  extreme  north   and 
south  the  azote  evolved  from  the  corrupting  carcasses  of  sea  and 
land  animals  for  the  uses  of  vegetation.     Parallel  with  this  inter- 
change of  elements  on  the  grand  scale  is  the  constant  interchange  of 
elements  which  we  observe  in  the  individual.    The  change  of  matter 
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in  the  body  of  man  is  unquestionable  in  every  one  of  the  processes 
which  subserve  assimilation  :  it  is  obvious  in  reference  to  the  fluids — 
the  blood  is  renovated  from  the  chyle,  the  chyle  from  the  food ;  the 
blood  in  its  turn  is  decomposed,  or  having  supplied  the  elements  of 
the  organs,  these  are  decompounded,  and  the  products  of  the  decom- 
position, the  excretions,  are  rejected  by  the  various  emunctories  of 
the  body — the  intestines,  lungs,  kidneys  and  skin.  All  the  solid  parts 
suffer  changes  in  bulk,  form,  and  structure.  The  evolution  of  the 
embryo,  and  the  progressive  stages  obvious  in  the  formation  of  its  or- 
gans, the  growth  of  the  body  in  youth,  the  disappearance  of  the  fat 
and  the  shrinking  of  the  organs  in  old  age,  the  various  phenomena 
of  resorption  and  regeneration,  all  bear  testimony  to  the  ceaseless 
change  of  matter  in  the  body  of  the  individual. 

RETROSPECT. 

$  S26.  In  the  foregoing  Book  I  have  sought  to  lay  before  my 
reader  a  condensed  account  of  the  various  phenomena  which  belong 
to   nutrition  and  secretion.      We  have  first  analyzed   the   blood 
( Chap.  I)  as  the  source  of  all  formation  in  the  animal  body,  in  its 
chemical  and  mechanical  factors ;  we  have  then  followed  it  in  its  out- 
going and  incoming  channels  (Chap.  11^  and  have  watched  its  pri- 
mary formation  in  the  embryo,  and  its  regeneration  by  the  solution 
and  metamorphosis  of  the  food  in  the  digestive  process  (Chap.  III). 
We  have  next  seen  how  the  blood  ispurified,  giving  off  various  com- 
pounds by  means  of  respiration  and  excretion  (Chaps.  IV.  and  V.) ; 
some  portion  of  the  secreted  matters  being  used  again  in  certain 
processes  of  the  economy.    Finally,  we*  have  investigated  the  means 
by   which  the   organism  appropriates  matters  from   without  and 
changes  them  into  its  proper  substance  (Chap.  VI).    After  contem- 
plating the  grand  act  of  assimilation,  we  found  ourselves  at  the  point 
where  the  interchange  of  matter  in  the  bodies  of  animals  and  of 
vegetables  indicates  the  reciprocal  influence  of  certain  all-pervading 
physical  and  chemical  powers,  and  we  felt  incited  by  the  implanted 
desire  for  higher  knowledge  to  view  more  closely  the  wonderful  har- 
mony of  the  alternating  pbenomena  of  which  we  obtained  a  partial 
glimpse,  and  to  unravel  the  eternal  laws  which  they  obey.    But  here 
we  are  compelled  to  pause,  and  having  examined  the  Generation  and 
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development  of  the  kind  in  the  first  Book,  and  in  the  one  just  con- 
cluded the  organic-chemical  processes  connected  with  the  bodily 
Maintenance  of  the  Individual^  we  advance  from  the  organic  to  the 
animal  sphere,  and  enter  on  the  investigation  of  the  phenomena  of 
Sensation  and  Motion,  and  their  mechanical  means  and  appliances. 
Having  done  this,  we  shall  then  find  ourselves  in  «  condition  to  take 
a  survey  of  the  vital  phenomena  as  a  whole,  and  in  their  several 
relations  and  mutual  connexions,  a  subject  which  we  regard  as  form- 
ing the  proper  matter  of  the  General  Physiology, 
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THK  SUBJECT  AND  PLAN  OF  TBBATMENT. 

§  227.  The  systems  with  whicli  sensation  and  voluntary  motion 
are  associated,  belong  to  the  animal  sphere  of  the  organism.  They 
are  the  media  of  reciprocal  intercourse  between  our  bodies  and 
the  external  world,  the  instruments  by  which  the  existence  and 
qualities  of  objects,  and  the  great  cosmic  properties,  light,  heat, 
etc.,  are  perceived.  The  organs  which  are  efficient  in  this  direction 
stand,  farther,  in  a  kind  of  peculiar  relationship  with  that 
immaterial  principle  which  we  are  bound  to  regard  as  distinct 
from  any  corporeal  condition,  but  which,  like  all  other  phenomena 
in  the  created  world,  can  only  manifest  its  activity  by  the 
medium  of  material  arrangements.  The  organs  of  sensation 
and  motion,  particularly  those  of  the  senses,  are  therefore  to  be 
viewed  as  a  kind  of  outworks  of  the  soul.  As,  however,  it  is  a 
general  law  of  the  organised  body,  that  no  one  part  stands  isolated 
from,  and  uninfluenced  by,  the  others,  but  that  all  react  recipro- 
cally one  upon  another,  so  the  nervous  system,  as  the  instrument  of 
sensation  and  motion,  is  found  to  exert  a  peculiar  influence  upon 
the  nutritive  and  reproductive  processes,  or  the  vegetative  sphere 
of  the  organism,  which  it  will  be  our  business  to  study  more  closely 
by  and  by. 

§  228.  We  divide  the  processes  of  the  animal  sphere  into  four 
grand  sections : — The  first  embraces  the  phenomena  and  laws  of 
the  nervous  system  in  general,  as  well  b&  of  its  particular  peripheral 
parts.  The  second  is  devoted  to  the  organs  of  sense.  In  the  third 
the  more  mtimate  structure,  the  mechanism  and  organic  activity 
of  the  organs  of  motion  are  investigated.  The  fourth  treats  of  the 
central  organs  of  sensation  and  motion. 

2  z 


462  ANALYSIS    OF   THE 


SECTION  THE  FIRST. 

STRUCTURE  AND  FUNCTIONS  OF  NERVES. 


CHAPTER  L 

MICROSCOPIC  AND  CHEMICAL  ANALYSIS  OF  THE  NERVOUS 

SUBSTANCE. 

History  of  this  Inquiry, 

§  229.  There  is  no  part  of  structural  anatomy  so  diflScult  as  that 
which  has  the  brain  and  peripheral  nerves  for  its  object.  Some 
portions  of  histology,  it  may  fairly  be  said,  had  been  occasionally 
more  correctly  seen  by  the  older  microscopical  observers  than  by 
those  of  later  times ;  but  this  is  not  the  case  as  regards  the  nervous 
system*^.  It  is  only  in  the  present  day  that  something  like  a  firm 
footing  has  been  obtained  here^**.     Still  there  has  been  no  lack  of 

***  The  father  of  microscopical  anatomy,  Leeuwenhoeck,  gave  better  figures 
than  descriptions  of  what  he  saw ;  nevertheless  as  we  meet  with  so  much  that 
is  just  in  his  narrations,  we  must  infer  that  he  actually  knew  the  structure  of 
the  brain  and  nerves  of  sense  better  than  a  great  number  of  those  who  came 
after  him,  such  as  Delia  Torre,  Barba,  Prochaska,  &c.  Fontana,  again,  gave 
better  descriptions  than  figures,  and  was  beyond  all  question  well  acquainted 
with  the  primitive  fibres  of  the  nerves.  The  first  really  good  representation 
which  I  find  of  these,  however,  is  contained  in  Treviranus's  Vermischte  Schriflen^ 
B.  i.  Tab.  ziv. ;  where,  nevertheless,  the  thing  seen  is  incorrectly  construed. 
See  my  Btitrage  zu  BurdacKs  Physiologies  B.  v.  S.  139.  Bauer  and  Home, 
Prevost  and  Dumas,  and  Milne  Edwards,  were  all  misled  by  optical  delusions, 
and  describe  the  primitive  nervous  fibres  as  moniliform  or  beaded  filaments.  For 
the  older  literature  see  Hildebrandt^s  Anatomy  by  Weber,  vol.  i.,  and  also 
Ehrenberg*s  work,  quoted  below,  and  Mandl^s  Anatomie  Mtcroseopique^  liv.  2, 
Nerfs  et  Cerveau,  Paris,  1838.  Weber  and  Mandl  have  both  given  interesting 
contrasted  views  of  the  various  older  and  more  recent  figures. 

***  The  first  who  really  broke  new  ground  in  this  department  was  Ehrenberg, 
in  his  paper :  On  a  remarkable  and  hitherto  vnknoum  structure  of  the  Brain  in 
Man  and  Animals^  {Beohachtung  einer  auffaUenden^  bisher  unbekaimten  Sirucktur 
des  Seelenorgans  bei  Menschen  und  TTiieren,  Berl.  1836,)  in  the  Trans,  of  the 
Rl.  Acad,  of  Berlin,  and  published  separately,  although  he  had  given  intimation 
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contradictory  and  erroneous  observations  in  this  any  more  than  in 
almost  every  other  department  of  minute  anatomy***;  and  it  is 
remarkable,  that  whilst  the  controversies  of  observers  in  other 
branches  of  histology  have,  for  the  most  part,  abated  and  tended  to 
definitive  conclusions,  under  the  influence  of  mutual  explanations 
and  renewed  inquiries,  difference  seems  rather  to  have  been  upon 
the  increase  in  the  one  which  here  engages  us.  Even  now, 
indeed,  and  among  men  whose  views  and  observations  generally 
point  to  very  similar  conclusions,  we  have  nothing  like  entire 
agreement  in  regard  to  the  elementary  anatomy  of  the  nervous 
system**^.  Still  a  careful  comparison  of  all  that  has  been  done 
leads  us  to  discover  a  much  more  general  accordance  than  at  first 

of  his  discovery  so  long  ago  as  1833  in  PoggcndorflTs  Annalen,  B.  xxxiii. 
£hrenberg  ^as  [the  first  who  observed  the  tubular  structure  of  the  primitive 
fibrillie  in  the  brain  and  higher  nerves  of  sense.  The  most  important  contri- 
bution of  all  to*the  minute  anatomy  of  the  nervous  system,  however,  is  that  of 
Valentin :  On  the  course  and  termination  of  the  Nerves  (Ueber  den  Verlau/und 
die  letzten  JEnden  der  Nerven^J  Acta  Acad.  Caes. — Leop.  vol.  xxviii.  p.  2.  In 
this  paper  the  subject  is  followed  into  every  one  of  its  most  minute  details,  and 
with  a  precision  which  every  day*s  additional  experience  makes  us  admire  the  more. 
Valentin  observed  the  terminations  of  the  nerves  to  consist  of  loopings  of  the 
primitive  fibres ;  he  conjectured  a  similar  structure  in  the  brain ;  he  restricted 
the  views  of  Ehrenberg  in  regard  to  the  varicose  structure  of  the  primary  fibres 
in  the  brain  and  nerves  of  sense,  and  first  perceived  the  true  character  and 
connexions  of  the  ganglionic  globules,  which  had  been  figured  by  Ehrenberg  as 
occurring  in  the  invertebrata,  speaking  of  them  as  a  peculiar  and  important 
formation.  Emmert  f  On  the  mode  in  which  Nerves  terminate  in  Muscles,  Ueber 
die  Endigunsweise  der  Nerven  in  den  Muskeln,  Bern,  1836,)  and  the  younger 
Burdach  (Contributions  to  the  Microscopical  Anatomy  of  the  Nerves.  Beitrage 
zwr  mikroskop.  Anat,  d.  Nerven^  Konigsb.  1837)  confirm  the  views  of  Valentin. 

***  Among  the  number  may  be  mentioned  the  incorrect  views  of  Arnold, 
occasioned  by  optical  deception  (Elements  of  Physiology,  Zurich,  1836),  of 
Dutrochet ;  (Mem,  pour  servir  a  VHist,  des  Animaux  et  des  Vegetaux,  tom.  ii. 
p.  475,  &c. ;)  and  of  Berres  (w  Med.  Jahrb.  d.  Oesterr,  Staates,  B.  ix.,  and  in  the 
Anat.  d.  Mikroskop,  GebUde,  Tab.  iv.) 

♦♦•See  the  works,  excellent  in  so  many  respects,  of  Remak:  Obs,  anat,  et 
micros,  de  system,  nervosi  structura,  Berol.  1838,  of  Purkinje  and  Rosenthal : 
De  formaHone  granulosa  in  Nervis  aliisque  partibus  Orgamsmi  anmalis, 
Vratislav.  1839,  and  the  plenary  review  of  these  writings  by  Valentin,  in  his 
Repertoriumfor  1840 ;  as  also  his  important  paper  in  MQller's  Archiv  for  1839, 
which  treats  particularly  of  the  structures  described  by  Remak  as  organic  fibres. 
The  critical  notices  by  MUller  in  his  various  Jahresberichten,  as  called  forth  by 
the  different  new  works  that  appeared,  deserve  also  to  be  consulted. 
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sight  appears ;  and  the  very  latest  researches  ^ve  us  the  comfort- 
able assurance^  that  before  long  we  shall  have  mastered  the  inti- 
mate structure  of  the  central  and  peripheral  parts  ol  the  nervous 
system**''. 

Structure  of  the  Primary  Fibres  of  Nerves* 

§  230.  Whoever  would  acquire  a  knowledge  of  the  minute 
anatomy  of  the  nervous  system,  had  better  begin  by  examining  one 
of  the  peripheral  nerves.  Let  a  piece  of  one  of  the  trunks  or 
branches  of  a  ner\'e,  that  can  easily  be  dissected  out,  be  chosen, 
and  laid  upon  a  glass  plate :  here  let  the  nervous  bimdles  be  sepa- 
rated or  teazed  out  by  the  aid  of  a  needle  in  either  hand,  until  free 
spaces  of  the  glass  plate  appear ;  let  the  preparation  now  have  a 
drop  of  serum  or  of  albumen  added  to  it,  and  then  be  covered  with 
a  piece  of  thin  glass***.  Under  a  magnifying  power  of  from  three 
to  four  hundred  diameters,  numbers  of  transparent  cylindrical, 
straight,  or  slightly  sinuous  filaments  will  be  perceived  as  the 
chief  structure,  having  a  mean  diameter  of  from  \hxith.  to  ishuth.  of 
a  line,  and  always  proceeding  distinct  from  one  another,  never  anas- 
tomosing. These  are  the  primitive  fibres  of  the  nerve  (figs. 
CCXXI.  et  seq.)  If  these  fibres  have  undergone  little  or  no  change, 
each  is  severally  seen  to  be  bounded  by  a  double  contour,  an  ap- 
pearance which  must  be  viewed  as  the  optical  expression  of  a 
transparent  covering  or  membrane.  The  middle  space  is  com- 
pletely transparent.  When  the  nerve  has  suffered  change  from 
pressure,  imbibition  of  water,  or  the  like,  the  appearance  is  altered. 
In  the  middle  clear  space  granular  or  grumous  particles  or  masses 
are  perceived,  which,  under  pressure,  escape  from  the  di^ided  ends 

**•>  Vide  in  particular,  the  newest  and  best  short  observations  resting  on 
individual  observation  by  Gerber,  in  his  Oeneral  Anatomy,  Bern,  1S40,  Anglice, 
with  Additions  by  6.  Gulliver,  London,  1841 ;  also  Krause's  Manned  of  Human 
Anatomy,  (German,)  and  Bnins*  Elements  of  General  Anatomy,  ((merman,) 
Brunswick,  1841. 

^^*  The  nervous  substance,  particularly  of  the  central  parts,  undergoes 
change  with  the  greatest  rapidity.  It  is  therefore  necessary  to  examine  it  when 
quite  recent — to  procure  the  nerves  of  amputated  limbs,  or  of  animals  just 
killed,  &c.,  and  to  avoid  water  and  pressure  as  much  as  possible.  Even  serum 
and  albumen  are  not  altogether  without  influence.  For  covering,  there  is 
nothing  so  good  as  the  extremely  thin  glass  plate  which  Obcrbauser,  of  Paris, 
supplies  for  this  purpose.  ^ 
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of  tlie  pritnitiTe  fibrea.  (Fig.  CCXXI.,  A,  to  the  right)  Other 
clutngee,  but  more  difficult  of  apprehension,  also  take  place  in  the 
lateral  contours  of  the  fibres,  which  are  made  up  of  the  double 
lines.     (Fig.  CCXXV.,  A,  one  of  the  primitive  fibres  is  altered.) 

To  observe  the  primitive  fibres  of  nerves  in  their  normal  eituar- 
tion,  the  best  subject  is  the  dehcate  flat  muscle  of  some  sm^ 
oe  of  ihe  muscles  of  the  eye  of  the  common  sparrow,  for 
mple  (Fig.  CCXXII.), — which  must  be  gently  pressed  be- 


FlQ.   CCXXI.— .4,  Primary  li- 

brts  of  a  human  ucrvc.  B,  pri- 
mary fibres  (more  highly  magnt- 
Gcd)  of  the  bniia. 


^,  Fio.  CCXXII.— Branch  of  a 
'.^-^-  nerve  distributed  lo  one  of  the 
j::Z       muBclcs  of  the  eye  of  a  sparrow. 
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tween  two  plates  of  glass.  Here,  in  the  middle  trunk  (a),  which 
to  the  naked  eye  looked  finely  fasciculated  only,  a  great  number  of 
primitive  fibrils  are  perceived  lying  over  one  another,  but  without 
running  altogether  parallel,  inasmuch  as  some  diverge  a  little  to 
the  right,  others  a  little  to  the  left,  some  proceed  from  below  up- 
wards, others  from  above  downwards,  but  all  preserve  the  main 
course  onwards.  They  lie  so  close,  and  cover  each  other  so  much, 
that  their  structure  individually  cannot  be  distinctly  made  out. 
At  the  parts  where  smaller  branches  are  sent  off  transversely,  how- 
ever (Fig.  CCXXIL,  by  b)y  the  structure  of  the  primary  fibres 
running  in  a  parallel  direction  may  be  seen  as  distinctly  as  when 
they  are  separated  by  art.  It  frequently  happens  that  we  may 
tear  fresh  primitive  fibres  in  such  a  way  that  the  broader,  clear, 
middle  portion  alone  retains  its  continuity,  the  bounding  lines 
having  given  way  transversely;  the  middle  portion  is  then  seen 
to  be  inclosed  within  an  extremely  delicate  contour.  From  all 
diis,  it  may  be  inferred  that  each  primitive  fibre  consists  of  a 
very  clear  included  substance,  and  a  transparent  tubular  sheath. 
The  double  line  or  contour  of  either  side  being  the  optical  ex- 
pression of  the  inner  and  outer  wall  of  this  tube***.  Other 
observers  admit  a  more  compound  structure **°;  and  some  have 

***  Id  many  instaDces,  when  perfectly  recent  nerves  are  examined  in  their 
natural  situations,  these  double  contours  are  not  visible,  and  it  then  appears 
as  if  the  primitive  fibrils  consisted  of  a  homogeneous  substance.  I  have  particu- 
larly observed  the  auditory  nerves  in  this  way. 

*^°  On  the  different  views  of  this  matter,  see  Bruns  Op.  Cit.,  p.  143,  and 
Kostlin*s  Microscopical  Inquiries  in  reference  to  Human  Physiology  {Die  mikras' 
kopischen  Forschungen  im  Qehiete  der  mensch,  Physiologie\  Stuttg.  1840,  p.  7. 
Others,  among  the  number  Valentin  (Sommerring^s  Anat,^  new  ed.,  vol.  iv.,  p.  4.), 
have  lately  distinguished  three  parts  in  the  peripheral  primary  nervous  fibre, 
examined  in  the  most  recent  state :  Ist,  an  outer  sheath  of  cellular  tissue — vagina 
externa  s.  ceUulosa,  composed  of  filaments  of  cellular  tissue,  lying  close  together, 
and  running,  for  the  major  part,  lengthwise  along  the  primitive  nervous  fibres ; 
this  tunic  is  apt  to  become  detached  in  the  process  of  isolating  the  primitive 
fibres,  and  so  to  escape  observation.  2d,  A  bounding  or  true  containing  or 
inner  sheath — ^vagina  interna,  a  highly  delicate  membrane,  surrounding  the  ner- 
vous contents  immediately,  which  generally  appears  entirely  homogeneous ;  but 
which  under  fiivourable  circumstances,  with  a  good  instrument,  shading  and  lamp- 
light, is  perceived  to  be  composed  of  fibres.  The  appearance  is  as  if  two  spiml 
formations,  crossing  one  another,  were  wound  about  the  tube.  3d,  The  nervous 
contents — content!  nervorum  s.  fibrarum  nervosanira,  which,  examined  when 
perfectly  fresh,  appear  homogeneous,  and  more  or  Ices  opalescent  or  milky,  and 
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even  spoken  of  a  ciliary  epithelium  lining  the  inner  aspect  of  the 
sheath**'. 

§  231.  These  primary  tubes  or  fibres  of  the  peripheral  nerves  are 
similar,  with  very  slight  modifications,  in  every  part  of  the  nervous 
system.  It  is  necessary,  however,  to  except  from  this  general  rule 
the  first  and  second  cerebral  nerves'**".  In  the  auditory  nerve 
the  fibres  are  somewhat  more  delicate  than  elsewhere.'**'  They 
also  very  commonly  appear  rather  finer  than  wont  where  they 
traverse  ganglions.  They  appear  to  be  distributed  over  the  periphery 
of  the  body,  without  in  any  instance  anastomosing.  They  have  a 
central  and  a  peripheral  termination.     With  reference  to  the  first, 

with  sharp  edges,  not  differing  in  any  way  from  the  rest  of  the  contents.  This 
contained  nervous  matter  is  extremely  liable  to  undergo  change  spontaneously 
after  death,  and  is  powerfully  affected  by  re-agents.  It  becomes  turbid,  thick, 
and  coagulates,  and  then  presents  granulations  and  granular  masses,  having  lost  its 
transparency  and  homogeneous  character — coagulatio  content!  nervorum.  Bnms 
views  the  outer  bounding  line  as  the  optical  expression  of  an  extremely  thin, 
transparent  sheath ;  whilst  I,  with  Ehrenberg,  regard  the  inner  more  delicate 
bounding  line  as  expressive  of  the  internal  wall  of  the  somewhat  thick  primitive 
tubolus.  That  the  envelopes  are  composed  in  the  way  Valentin  describes  them, 
I  have  never  been  able  to  make  out  with  any  kind  of  certainty.  Krause  (1.  c, 
p.  50,)  gives  an  account  of  the  structures  in  question,  which  agrees  in  all  respects 
with  my  observations. 

^  ^  >  Remak  is  the  first  who  speaks  of  a  ciliary  movement  within  the  primary 
nervous  fibrils  (1.  c,  p.  32).  Grerber  also  informs  us  that  he  had  observed  a 
motion  of  the  same  kind  {General  Anatomy)^  and  gives  a  rude  figure  of  a  ciliary 
structure  as  he  saw  it.  According  to  Valentin,  such  a  motion,  which  perchance 
indicates  the  presence  of  a  ciliary  epithelium,  may  be  perceived,  in  particular 
instances,  on  the  inner  surface  of  the  bounding  membrane  or  sheath  of  isolated, 
still  warm  primitive  fibres,  but  only  by  lamp-light.  Valentin  himself  speaks  of 
the  appearance  as  extremely  doubtful,  scarcely  to  be  judged  by  the  microscope 
in  its  present  state,  and  certainly  not  to  be  made  the  basis  of  any  kind  of  specu- 
lation or  inference.  These  views  and  doubts  have  my  entire  approbation.  I 
have  even  given  a  kind  of  particular  attention  to  the  point ;  but  with  instruments 
of  all  kinds,  and  a  power  of  1200  diameters,  which  still  gave  distinct  images, 
aided  by  the  apparatus  of  Dujardin,  I  have  been  able  to  perceive  nothing  of  the 
kind,  saving  and  excepting  always  that  well-known  optical  glistening,  which  may 
be  produced  at  any  time. 

^^*  The  primary  fibres  of  the  olfactory  and  optic  nerves  bear  the  strongest 
analogy  to  those  of  the  brain,  as  Ehrenberg  first  showed:  they  are  among  the 
very  finest. 

^^^  In  the  auditory  nerve  the  primary  fibres  are  much  thicker  than  in  the 
olfactory  and  optic  nerves,  and  in  their  structure  approximate  more  to  the  peri- 
pheral nerves  at  large  :  their  sheaths,  however,  are  more  delicate. 
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or  where  they  enter  the  brain  or  spinal  cord  as  roots  of  nerres, 
they  pass  immediately  into  the  white  medullary  fibres,  or  central 
parte,  and  at  the  same  time  become  by  one  half,  or  even  two  thirds, 
smaller.  The  primary  fibres  of  the  brain  and  spinal  morrow,  as 
well  as  those  of  the  olfactory  and  auditory  nerves,  are  in  some 
cases  so  delicate,  that  they  measure  but  the  Ti^th  of  a  Hne  in 
diameter:  fre<iuently,  however,  they  are  thicker,  from  the  jhith  to 
the  siwth  of  a  line  in  diameter.  These  flbrils,  of  different  dimen- 
sions, are  constantly  observed  running  over,  and  under,  and  near 
to  one  another.  (Fig.  CCXXI.,  B,  CCXXII.,  and  CCXXHI., 
C.)  Examined  in  the  most  recent  state  possible,  they  are,  for 
the  major  part,  cylindrical,  but  in  part  also  knotty  or  varicose, 
inasmuch  as  they  exhibit  little  oval  or  rounded  enlargements  in 
their  course.  (Fig.  CCXXL,  B,  CCXXIII.,  A,  B.)  It  is 
doubtful  whether  or  not  this  varicose  state  is  acddental  only,  or 
is  really  peculiar  to  certain  primary  fibres  in  the  living  state*". 
So  much  is  certain,  that  the  knots  are  constantly  seen  arii^ng 
under  the   eye  of  the   observer,   and  that  they   are    frequently 

*  *  *  Ehrenberg  regarded  this  varicoie  structure  as  cbaracterUtic,  and  peculiar 
to  the  fibres  id  question.  The  opioion  that  the  primary  fibres  of  both  the  biaia 
and  spinal  cord  are  naturally  cjliodrical,  appears  to  be  more  aod  more  on  the 
iocrease  of  late. 


Fio.  CCXXJII. 


FiO.  CCXXin,— ^,  primary  fi- 
brcg  of  the  olfactory  nerve  of  maa. 
B,  A  primary  fibre  from  the  tho- 
racic portion  of  the  spinal  chord 
of  man.  C,  A  thin  slice  frnm  the 
outer  aspect  of  the  ophthalmic 
ganglion  of  man.     After  Valentin. 
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• 

eflfectB  of  the  methods  of  investigation  pursued^'^'^.  There  is 
nevertheless  this  peculiarity  to  be  noted,  in  regard  to  the  prima'ry 
fibres  of  the  oentral  parts,  that  they  are  much  more  apt  to 
assume  the  varicose  condition  than  those  of  the  periphery  ;  a  pecu- 
liarity that  seems  to  be  connected  with  their  structure.  The 
riieathsy  in  fact,  of  the  central  primary  fibres  are  much  more  deli- 
cate, although  in  general  still  characterised  by  the  double  contour,- 
than  those  of  the  peripheral  fibres.  In  the  central  fibres,  too,  the 
sheath  and  contents  appear  to  be  far  more  intimately  connected; 
in  many  cases  they  are  completely  inseparable,  so  that  the  contrast 
as  betwixt  sheath  and  contents  'disappears^^".  These  delicate  pri- 
mary fibrils  of  the  central  masses  run  in  such  variety  of  ways, 
crossing  and  interlacing,  and  forming  such  a  tangled  skein,  that  it 
is  impossible  to  follow  them  to  the  roots  of  the  nerves,  or  towards 
the  periphery  of  the  brain  and  cord,  and  so  to  make  certain  that 
they  never  anastomose.'  To  all  appearance,  however,  they  never 
divide ;  and  they  seem  no  more  to  run  into  one  another,  or  to  com- 
municate by  anastomoses  here,  than  they  do  in  the  peripheral  parts 
of  the  body.  But  these  fine  primary  fibres  of  the  central  parts 
enlarge  conspicuously  and  immediately  at  the  entrances  of  the  dif- 
ferent nerves  into  the  brain  and  spinal  cord. 

Termination  of  the  Primary  Fibres. 

§  232.  A  very  important  question,  which  naturally  presents 
itself  in  connexion  with  the  primary  fibrils,  id  this :   how  do  they 

^  ^  ^  The  varicose  state  is  caused  most  certainly  by  the  imbibition  of  water. 
The  part  in  which  the  medullary  substance  and  lamellae  of  primary  fibres  can  be 
most  advantageously  examined^  I  find  to  be  the  valvula  cerebeUi  of  a  small 
animal,  such  as  a  rabbit  or  a  bird.  This  part  is  removed,  and,  being  laid  smooth 
upon  a  plate  of  glass,  is  gently  compressed.  £.  H.  Weber  demonstrates  the 
primary  cylinders  in  this  way :  he  covers  a  small  piece  of  the  cerebral  substance 
with  albumen ;  and  then,  with  a  couple  of  fine  needles,  bent  at  the  point,  he 
puts  the  fibrillflB  on  the  stretch. 

*^^  So  it  seems  to  me,  although  the  greater  number  of  observers,  among  the 
number  Remak,  very  lately  in  M(lller*s  Archiv,  (1S41,  S.  512,)  maintain  that  the 
primary  tubules  in  every  part  of  the  nervous  system  are  alike  in  structure,  and 
consist  of  the  above-named  three  elements:  the  pale  sheath,  (a  kind  of  re- 
mainder of  cellular  tissue,)  the  thick  dark  medullary  sheath,  and  the  pale 
central  fibre.  Bruns  also  disputes  the  presence  of  any  special  cellular  sheath 
in  the  central  parts  of  the  nervous  system. 

3  A 
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end? — Although  generally  traced  with  difficultjr,  the  peripheral 
terminations  of  the  nerrous  fibrils  are  still  much  more  easUy 
demonstrated  than  those  of  the  centres.  United  into  bundles, 
and  Eurroimded  with  cellulo-^nembranous  deaths,  (Neurilema,) 
the  primary  fibres  penetrate  all  the  organs  nearly  to  their  peripheral 
confines,  to  where  they  are  covered  with  epithelial  or  epidermic 
formations.  Here  it  ia  that  the  bundles  of  primary  fibres  eeparate 
and  form  plexuses — ^^rmina/ ^/ezruet,  as  they  hare  been  dedgnated; 
at  hat  single  primary  fibres  form  loops,  or  rather,  two  primary 
fibres  meet  and  form  a  loop, — tenmnal loops"''.  Theae  loops  are 
smaller  or  ki^r  in  different  tissues.   (Fig.  CCXXIV.,  CCXXV.) 

*"  Valentin  gave  many  ver;  good  r«pre«enUtioDB  in  hU  paper  already 
quoted  in  the  Nova  Acta  Acad.  Natur.  Curiot.  PrevoBt  and  Dumas  apeak  of 
loop-like  terminatiouB  of  the  nerves.      They  were  clearlj  demonstrated  by 

Fio.  CCXXIV. 


Fia.    CCXXIV. — A  small   portion   of   tbe    terminal  plexus  of  primary 
fibres  of  the  auditory  ner»e  in  the  auditor}'  sac  of  the  Pike  (E»ox  Indus). 
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Wherever  the  primary  fibres  of  nerves  have  been  distinctly 
traced  to  their  extremities,  this  mode  of  termination  in  loops 
has  been  observed,  so  that  it  appears  to  be  general,  and  even 
to  extend  to  the  nerves  of  special  sense,  with  the  single  exception  of 
the  olfactory  and  optic  nerves,  in  the  peripheral  expansions  of  which, 
no  loopings  have  been  positively  ascertained  to  exist,  although  no 
one  has  yet  condescended  upon  any  other  mode  of  termination  in 
r^ard  to  these  two  nerves***.  I  have  ahready  said  that  the  mode 
of  termination  of  the  primary  fibres  was  much  more  difficult  of 
demonstration  in  the  central  parts  than  in  the  peripheries.     (Fig. 


ValentJD,  Emmert,  Burdach,  Grerber,  and  others,  in  the  muscles,  the  skin,  and 
other  tissues.  Wherever  I  haye  been  able  to  see  things  clearly,  I  have  discov- 
ered these  loop-like  terminations.  The  ear  is  the  best  subject  for  commencing 
the  study  of  the  looped- terminations  of  the  nerves;  the  ampuUse  of  vertebrate 
animals  at  large,  particularly  of  fishes,  are  excellent  subjects. 

^^'  Valentin  will  also  have  it  that  he  had  seen  looped-terminations  of  the 
primaiy  fibres  in  the  retina ;  this  author*s  observations,  however,  have  not  been 
confirmed;  I  have  never  myself  succeeded  in  seeing  anything  of  the  kind; 
and  I  am  even  sceptical  in  regard  to  the  enlargements  in  the  nervous  papillae. 
See  what  is  said  further  upon  this  point,  under  the  head  of  the  Organs  of 
Sense. 


Fio.  CCXXV. 


Fia.  CCXXV. — Terminal  primary  fibres  fi-om 
the  ciliary  ligament  of  the  common  Duck.  AfVer 
Valentin. 
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CCXXVI.)  It  is  impossible  at  present  to  say  positively  that  they 
again  tuin  round  loop-wise,  on  the  aur&ce  of  the  brain,  as  certain 
observations  would  lead  us  to  condudd  that  they  did*"*.  [In  gan- 
glions, the  piinaary  fibres  separate  and  bectHne  interlaced  aod 
convoluted,  but  apparently  without  terminating ;  they  by  and  by 
resume  their  onward  ooursa.  (Fig.  CCXXVIL)     Do  not  a  certain 

*>•  Valentia  rccogniMS  loop-like  tenninfttioDB  m  the  peripfaer]-  of  tbe  bnini 
and  pvei  a  figure  of  the  arrangement  as  he  saw  it.  (L  cj  With  every  endeavooTi 
I  hare  never  succeeded  in  obt^nitig  perject  conviction  of  this  interesting  &ct 
in  miaute  Miatoiny,  althongh,  id  exMnining  the  corporm  quadrigemina  of  th* 
pigeon,  I  have  several  times  thought  that  I  could  perceive  the  primatjp  fibrei 
Ijing  in  loop*  among  tha  gan^iooic  cells.  According  to  Rami's  latest 
obeervotiooa,  the  hemitpberes  <^  the  brain  in  man  are  camed  by  an  BXtremttf 
detlcato  layer  of  white  substance,  coauiting  of  prinaiy  fibres,  which  ran 
hoiisMitally  on  tbe  nperficiea  of  the  convolutions,  and  cross  ettch  other  in  eieiT 
direction.  Remik  could -not  detennine  that  they  penetrated  perpendicularly 
into  the  gray  aubstanoe,  at  bow  and  in  what  way  they  were  connected  with 
iU  elemoita.  Mtiller'a  Arehie,  t.  1B41,  S.  dm.     [Dr.  J.  Ho^bb  Bennett  on  dm 


Fio.  CCXXVI.— Central  terminal  fibre*  ftom  tbe 
yellow  substance  of  the  cerebellum  of  the  commoo 
pigeon :  a,  terminal  plexus  of  primary  fibres ;  b,  loop- 

ingB  of  the  terminal  fibres ;  e,  ganglionic  globules  *.  A 
ganglionic  cell  from  the  Gasserian  ganglion  of  niiD, 
'  removed  (torn  its  sheath  and  highly  magnified. 


Fin.  CCXXVII. 


(jmpatbetic  nerve  of  the  Fringilla  apinns,  to  show  the 
course  of  the  primary  fibres. 
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munber  of  fibres  take  thek  origin  in  the  ganglions,  in  the  c^ame 
way  as  they  4o  in  the  brain  and  spinal  cord  ?  The  bundle  that 
quits  the  ganglion  is  often  manifestly  larger  than  that  y/hich 
enters  it^    B.  W.] 

Ganglionic  Corpuscles,  Ganglionic  Cells. 

§  233.  Besides  the  tubular  or  primary  fibrous  formations  now 
described,  there  is  a  second  and  general  elementary  structure  in 
the  nervous  system,  entitled  the  ganglionic,  or  nervous  globules, 
better  the  ganglionic  cells  or  corpuscles.**^.  These  corpuscles  are 
met  with  in  the  brain,  spinal  cord,  and  ganglia,  and  also  here  and 
there  in  particalar  nerves.  The  dneritious,  or  gray  nervous 
sabstanoe,  wherever  it  occurs,  be  it  deep-seated  or  superficial,  consists 
of  aggregations  of  these  ganglionic  corpuscles.  QSiey  have  always 
a  certain  quantity,  more  or  less,  of  the  tubular  or  primary  fibrous 
structure  mixed  with  them ;  the  more  abundant  the  primary  fibres, 
the  lighter  is  the  mass ;  the  fewer  they  are,  the  darker  is  its  colour. 
The  ganglionic  corpuscles,  particularly  in  the  brain  and  spinal 
cord,  are  much  more  delicate  and  easily  destroyed  than  the  primary 
fibres.  To  study  them,  it  is  well  to  begin  with  the  Grasserian 
ganglion  of  a  small  animal,  such  as  a  rabbit,  or  a  thoracic  ganglion 

occasion  observed  the  cerebellum  crossed  in  different  directions  by  delicate 
white  lines,  resembling  the  minnte  branches  of  a  nerve.  These  were,  of  course^ 
much  too  large  for  primary  fibres ;  they  were  distinctly  visible  to  the  naked  eye ; 
it  would  have  been  interesting  had  they  been  found  by  the  microscope  to  con-» 
sist  of  bundles  of  nervous  fibres.    R.  W.] 

4 CO  \^e  are  indebted  to  very  recent  times  for  the  discovery  of  these  remark- 
i^le  structures ;  Ehrenberg,  indeed,  observed  and  figured  tfaem ;  but  Valentin 
has  the  honour  of  having  first  pointed  them  out  as  a  peculiar  and  essential 
element  in  the  nervous  substance.  He  first  named  them  nervous,  or  nerve- 
oorpuscles, — corpuscula  nervea,  and  globuli  nervosi  nucleati ;  and  in  his  latest 
woi^  (Seemmerring,  p.  S,  et^seq,)  he  arranges  them  into  two  principal  groups : 
nervous  corpuscles  of  the  peripheral  nervoua  system, — ganglionic  corpuscles 
or  globules,  and  nervous  corpuscles  of  the  central  parts — central  nucleated 
g^bules.  [Gall  and  Spurzheim  did  not  use  the  microscope ;  but  that  they 
were  perfectly  well  aware  of  the  high  importance  of  the  cineritious  or  gray  mat- 
ter, which  is  made  up  of  ganglionic  cells,  appears  from  the  name  they  gave  it — 
matrix  of  the  nerves.  They,  in  fact,  saw  it  as  the  essential  element,  as  the 
source  of  power,  in  the  nervous  system,  and  regarded  the  white  fibres  as  mere 
conductors.  9ee  their  Recherches  mtr  le  Systhne  Nerveux,  Sfc. ;  MSmoire  pr6sentS 
a  VInatUut  U  14  Mara,  180S.    R.  W.] 
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ofa8inallbird(Fig.  CCXXVUL,  B,.;  CCXXIX-.a)—.   Here. 
they  mostly  appear  as  globular  or  oval,  indistinctly  gninnlar  bodies, 

*■>  Great  cue  ii  geDerall;  reqnudte  in  proceeding  to  ttod;  the  gui^iooic 
coipiuclcB.  It  frequently  happens,  however,  that  we  get  an  excellent  riew  of 
Uiese  coiptucles  in  their  natural  poeition,  by  examining  a  amall  ganglion  under 
gentle  compresuoD  (Figs.  CCXXVIIL,  B  ;  CCXXIX.,  A);  here,  they  appear 
surrounded  by,  or  intermixed  with,  primary  Bbres  running  or  fbnnii^  a  plexus 


Fm.  CCXXVIU. 


FiQ.  CCXXTm.— A,  Single 
primary  fibres  fivm  an  inlercoatel 
nerre  of  the  conunon  spurow.  B, 
Several  primary  fibres  and  gan- 
glionic cells,  fh>m  one  of  the  tho- 
racic ganglions  of  the  same  binL« 
A  ungle  ganglionic  cell,  with  a  cle>r 
^  nucleus  and  darker  nucleolna. 


Fio.  CCXXDC.— A,  Thin  slice  from  the  supe- 
rior cervical  ganglion  of  tbe  calf:  a,  ganglionic 
globules ;  b,  primitive  fibre ;  c,  involucrwn  <^  tbe 
ganglioDic  cells.  B,  Thin  slice  &c»n  the  soft 
nerve  of  the  plexua  maximus  urotidis  of  the  calf; 
a,  d,  a,  is<dBted  primary  fibres ;  b,  b,  thick  abeatha 
of  the  same.    Attet  Valentin. 
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haying  internally  a  clear  yesicular-looldng  nucleus^  which  ia  its 
turn  mostly  includes  a  nucleolus*'*.  They  are  composed  of 
extremely  fine  molecules,  connected  together  by  a  semi-fluid, 
glutinous,  or  viscid,  amorphous  substance.  It  is  doubtful  whether 
or  not  they  possess  a  delicate  transparent  proper  capsule.  For 
the  major  part,  however,  each  ganglionic  corpuscle  is  surrounded 
by  a  cellulo-membranous  capsule  or  sheath:  extremely  delicate, 
grayish  or  reddish  coloured  cellulo-membranous  fibres,  furnished 
with  nuclei,  are  interwoven  into  true  capsules;  but  from  these 
the  ganglionic  corpuscles  very  readily  become  detached  an4  fall 
out  Frequently,  as  for  instance  in  the  cervical  portion  of  the 
sympathetic  nerve,  (Fig.  CCXXIX.,  A,  and  B,)  this  ceUulo- 
membranous  sheath  is  so  highly  developed,  that  the  ganglionic 
corpuscles  (A,  a,  a),  appear  to  be  bedded  in  a  kind  of  matrix, 
which  is  only  intersected  here  and  there  by  single  primary  fibres 
(B,  Oy  a) ;  these,  like  the  corpuscles,  seeming  to  be  separated  and 
kept  apart  by  the  abundant  cellular  tissue.  This  cellular  tissue, 
with  its  nucleated  fibres,  has  been  erroneously  described  as  a  third 
and  distinct  special  element  of  the  nervous  system,  imder  the 
name^of  the  organic  Jibribj  probably  from  their  abundance  in  the 
sympathetic  and  its  ganglia,  or  of  the  nodulated  fibrils — ^fibnilae 
nodulossB*"*. 

The  ganglionic  corpuscles  present  numerous  varieties  in  regard  to 
form,  size,  arrangement,  and  the  structure  of  their  remoter  elements. 
They  are  singularly  delicate  and  destructible  in  the  central  masses. 

among  them  (CC XXVIII.)  By  teariDg  such  a  gaDglion  with  a  couple  of 
needles,  it  is  easy  to  detach  the  corpuscles  fit)m  their  nidus,  and  to  get  a  view 
of  them  isolatedly. 

^''*  The  clear  nuclei  and  nuclear  corpuscles,  or  nucleoli,  are  extremely 
minute,  and  even  appear  relatively  somewhat  too  large  in  Fig.  CCXXVIII. 
The  ganglionic  corpuscles  themselves,  are  of  very  different  dimensions, — ^from 
the  T^^^  to  ^c  -^^  of  A  ^®  ii^  diameter ;  the  nuclei  from  the  ^^th  to 
the^^th  of  a  line. 

^*'  The  indication  of  these  fibrils  of  the  cellular  tissue  as  organic  nervous 
fibres,  as  a  peculiar  system,  running  parallel  with  the  sensitive  and  motory 
fibres,  and  connected  with  the  vegetative  functions,  originated  with  Remak ; 
{Oh»,  Anat^  1838,)  MiUler  adopted  his  views,  and  Krause  described  the  fibrils  in 
question  under  the  title  of  KnbtchejifibriUen — ^nodular  fibrils.  Valentin  combated 
this  notion  in  his  exceUent  criticism^of  Remakes  work  in  MtiUer^s  ilrc^p,  f.  1839, 
S.  139,  and  in  his  own  Bepertorium^  B.  iii.,  S.  76.,  B.  v.,  S.  79.  So  also  did 
Bruns  (Op*  CU.^  p.  149 J.     I  need  not  say  that  I  agree  with  them  entirely. 
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Hei%,  the  cellular  Bheath,  just  deecribed,  is  entirely  wantiDg ;  and 
the  finely  granular  eubfitance  of  wliich  they  oooraet,  and  the  dear 
nuci  euB  which  they  contain,  are  eo  diffluent,  that  it  is  addom  we 
eucc  ced  in  finding  more  under  our  microecopee  than  a  homogeneoos, 
finely  granular  mass.  Whether  from  the  great  nervous  oeotres, 
or  fropi  the  more  peripheral  giinglia,  they  are  generally  either  round 
or  oval  m  figure  (Figs.  CCXXVI.,  CCXXVIIL,;  CCXXIX.,«, 
and  (3CXXX.,  a);  frequently,  however,  they  are  elongatei^  eausage- 
8hap<»i,  four-cornered,  tetrahedral,  and  furnished  with  off-«ets  or 
pro<5<»8e8  (Fig.  CCXXX.,  B);  it  is  seldom  that  two  are  seen 
conn<Joted  by  a  bridge.  The  nucleus  is  always  clear,  roundish,  or 
lengthened  and  simple ;  the  nucleolus  is  extremely  small  *°*.  In  their 
general  external  appearance,  these  ganglionic  corpuscles  have  a 
tniiprising  resemblance  to  primitive  ova;  they  are  constituted 
lifter  the  general  type  of  cellular  formations,  although  they  have 
more  of  the  character  of  solid  bodies,  than  of  true  cells  with  fiuid 


{  234.  The  cellular  tissue  serves  at  once  as  the  bond  of  luuon, 
and  means  of  separation,  of  the  individual  elements  of  the  nervous 
system.  It  occurs  in  variable  proportions  as  the  insulator  of  the 
primary  fibrils  and  ganglionic  corpuscles,  *  and  at  the  same  time 

*"  RenuUt  aad  Valentin  occasionally  mw  two  nuclei  in  a  ungle  corptiaclc  ; 
more  ruel;  thej  observed  two  corpuscles  umted  bjr  a  commissure.  I  have 
never  myaelf  met  with  either  of  these  arrangements. 


Fio.  CCXXX.— Primary 
fibres  and  ganglionic  globnlcs 
from  the  human  brain.  A, 
GangUonic  globules  in  the  sub- 
stance of  the  thalamus,  mixed 
with  varicose  primary  fibres. 
a,  A  uagle  ganglionic  globule 
or  cell,  highly  magnified ;  b,  A 
blood-vesscL  B,  B,  gauglitmic 
globules  with  processes  of  va- 
rious form,  as  they  are  mec 
with  in  the  black  subalance  of 
the  crura  cerebri.     After  Va- 


^ 
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sapplies  a  bed  for  the  blood-vesseLsy  the  capillaiy  subcBvisionfl  of 
which  are  always  found  playing  about  these  fibrils  and  bodies,  in 
large  numbers,  and  presenting  a  distribution  very  much  akin  to 
that  which  has  already  been  spoken  of  as  occurring  in  glands. 
(§198).  It  happens  not  unfrequently,  that  pigmentary  deposits 
take  place  in  the  walls  of  the  ganglionic  corpuscles,  which  then 
present  the  deep  colour  that  characterizes  several  of  the  ganglia. 

Chemical  Compatitian  of  the  Nervous  Substance. 

§  235.  This  is  a  subject  of  very  subordinate  consequence,  and,  in 
fact,  affords  us  no  footing  whatsoever  in  our  investigation  of  the 
fonctions  of  the  nervous  system.  The  chief  constituents  of  the 
brain  and  spinal  cord  are  albumen  and  a  variety  of  phbsphoriferous 
&t8,  of  which,  besides  cholesterine,  four  different  kinds  have  been 
spedfied  by  the  latest  inquirers.  Besides  these,  the  brain  is  very 
rich  in  water  (it  contains  about  80  per  cent);  in  its  physical 
compoffltion,  it  may  be  said  to  bear  a  stronger  resemblance  to  an 
emulsion,  than  to  aught  else^*^ 


CHAPTER  11. 

GENERAL  PHYSICAL  PROPERTIES  OF  THE  NERVES. 

Of  the  active  principle  in  the  Nerves, 

§  236.  Of  the  peculiar  potential  or  active  element  in  the  nervous 
system,  we  know  nothing.  The  subject,  however,  is  altogether 
indifferent  to  us,  and  we  only  allude  to  it,  for  the  sake  of  securing 
it  a  determinate  name  and  expression.  We  shall  go  on  to  speak 
of  this  unknown  element  under  the  title  of  the  nebyous  agent. 
Some  short  time  ago,  phyBiologists  seemed  very  commonly  to  agree 

^'  *  The  elaborate  analyns  of  BerzeliiiB  {Chmie^  4th  ed.)  may  be  consulted. 
The  fint  somewhat  complete  analysis  was  made  by  Yauquelin.  He  found  that 
the  brain  conusted  of  oncoagolated  albumen,  and  two  kinds  of  fiit,  one  fluid,  the 
other  solid,  but  both  containing  phosphorus.  Couerbe  described  the  different 
species  of  cerebral  iat  more  particularly ;  they  consist,  according  to  him,  of 
Cholesterine,  Cerebrote,  Eleencephalote,  Cephalote,  and  Stearoconote.  These 
conclusions  of  Couerbe  haye,  however,  been  called  in  question  by  several  che- 
mists, particularly  Wohler,  who  declares  them  untenable. 

3  B 


478  GENERAL    FUNCTIONS   OF   THE    NERVES. 

in  considering  this  agent  as  one  and  the  same  with  electricity,  and 
this  notion  has  even  very  lately  been  again  brought  upon  the 
scene^'"'.  Such  an  idea,  however,  can  be  demonstrated  most  satid- 
factorily  by  experiment,  to  be  without  all  foundation :  the  nerves 
are  conductors  of  electricity,  in  common  with  every  other  moist 
animal  substance,  but  not  more  so,  and  not  less.  For  our  own  part, 
we  view  the  nervous  agent  as  a  peculiar  and  primary  animal  phe- 
nomenon, as  an  activity  sui  gejieris.  Whether  or  not  it  be  a 
dynamic  principle,  or  force,  as  some  conceive,  and  then  go  on  to 
speak  of  it  as  the  nervous  force,  or  a  delicate  material  element,  one 
of  the  same  category  as  the  imponderables  light,  heat,  electricity, 
magnetism,  is  unknown '^°\  Happily  it  is  matter  of  indifference, 
which  view  be  espoused  in  analysing  the  phenomena  with  which 
alone  we  have  to  do  in  this  place;  just  as  it  was  long  of  no  moment, 
in  scrutinizing  the  phenomena  and  laws  of  optics,  whether  the  theory 
of  emanations  or  of  undulations  was  adopted.  Even  as  little  do 
the  manifestations  of  the  soul  stand  in  any  immediate  connexion 
with  the  nervous  agenf*"*. 

General  Functions  of  the  Nerves. 

§  237.  The  central  parts  of  the  nervous  system  are  the  bndn 
and  spinal  cord,  and  these  are  at  the  same  time  the  centre  of  the 

^*°  The  identity  of  the  nervous  agent  and  electricity  had  not  been  seriously 
maintained  by  any  one  for  a  great  many  years,  which  makes  the  recent  advocacy 
of  this  idea  by  Faraday  the  more  singular.  He  holds  that  the  nervous  power 
is  not  merely  analogous  in  a  certain  degree  to  such  powers  as  heat,  electricity, 
and  magnetism — ^which  might  be  granted  in  various  respects — but  that  it  is  an 
inorganic  force,  although  ^^  he  has  not  yet  been  able  to  satisfy  himself  by  ftcts 
that  the  nervous  fluid  is  merely  electricity." — See  his  paper,  interesting  in  so  many 
respects.  On  the*electrical  Eel^  in  the  PhUos.  TrOns.,  1839,  pt.  1.  [The  late 
John  Abemethy  was  the  great  advocate,  among  ourselves,  for  the  identity  of 
the  nervous  power  and  electricity ;  and  such  influence  had  he,  that  at  one  time 
it  was  even  dangerous  to  oppose  or  deny  the  doctrine ;  he  who  did  so,  being 
k>oked  on  as  a  scoffer  and  impious  person.    R.  W.] 

^^^  I  have  here  purposely  avoided  the  expression  nervous  Jltadj  to  escape 
the  dilemma  of  appearing  to  give  any  countenance  to  the  entirely  hypothetical 
notion  of  a  kind  of  nervous  fluid  circulating  in  the  primary  fibrils,  which  seemed 
for  a  time  to  receive  support  from  the  presumption  of  ciliary  motions  occurriDg 
in  these  structures,  a  presumption,  however,  which  we  have  seen  to  be  entirely 
unsupported  by  facts. 

*^*  On  the  subject  of  the  distinction  between  the  soul  and  the  nervous 
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nervooB  agency,  and  the  seat  of  all  the  sensorial  and  spiritual 
manifestations.  The  nerves  are  conducting  organs,  which  bring 
the  brain  into  communication  with  all  the  parts  of  the  body.  The 
sum  of  the  primary  fibres  which  are  contained  in  the  whole  of  the 
nerves,  proceed  from  the  brain  and  spinal  cord,  and  return  through 
the  peripheral  loopings  to  the  spinal  cord  and  brain  again.  The 
epinal  cord,  as  we  shall  see  by  and  by,  is  at  once  a  central  and 
conducting  organ.  In  the  nervous  system  at  large,  there  is  a 
doable  or  two-fold  conduction  or  current  of  the  nervous  agency: 
Isty  From  the  peripheral  organs  to  the  brain.  This  conduction  is 
effected  by  peculiar  primary  fibres,  which  have  been  designated  by 
the  title  of  sensitive  fibres,  or  fibres  of  sensation;  they 
transplant,  as  it  were,  an  impression  which  they  have  received  at  their 
peripheral  ends  to  the  brain,  and  here  excite  the  idea  or  conscious- 
ness of  the  impression.  They  are,  therefore,  the  mediate  instruments 
of  senaatioiL  The  sensitive  fibres  contained  in  the  cerebral  nerves 
enter  the  brain  immediately  through  the  roots  of  these  nerves; 
the  sensitive  fibres  contained  in  the  spinal  nerves,  again,  collect  into 
the  posterior  roots  of  these  nerves,  and  proceed  in  the  posterior 
strand  of  the  spinal  cord,  to  the  medulla  oblongata.  2c/,  The  con- 
duction proceeds  from  the  centre  to  the  periphery,  and  this  is 
effected  by  the  motort  fibres.  These  go  to  the  muscles, 
are  conductors  of  the  will,  and  are  connected  with  motion  in 
generaL  They  collect  in  the  anterior  strands  of  the  spinal  cord, 
and  finom  this  part  proceed  in  the  anterior  roots  of  the  spinal  nerves. 
The  fibres  which  constitute  the  ganglionic  system,  or  great 
sympatheticy  have  been  viewed  as  a  third  kind  of  nervous  fibres. 
These  form  a  peculiar  system,  abstracted  in  very  great  part  from 
the  influence  of  the  cerebro-spinal  system,  and  serve  as  conductors  to 
the  organs  of  the  chylopoesis  and  generation  of  the  nervous  agency 
which  is  necessary  to  them  for  the  manifestation  of  their  appro- 
priate functions.  Careful  consideration  of  all  the  phenomena  pre- 
sented, however,  has  shown,  that  in  the  sympathetic  nerves  there  are 
fibres  of  sensation  as  well  as  of  motion,  and  that  these,  as  in  the 
case  of  all  the  other  nervous  fibres,  issue  from  and  enter  the  brain. 


power,  lee  the  attractive  essay  of  Schroeder  van  der  Rolk,  On  the  difference 
*«ftwrf  Inanimate  Natural  Farce,  Vital  Force,  and  the  Soul,  (Ueher  den  Unter' 
ichied  zwitchen  todten  NatuT'Kr&ften,  Lebenskrdften  und  Seele,  Bonn,  1836); 
see  also  the  general  Physiology. 
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The  sensations  and  motions  with  which  the  ganglionic  system  is 
connected,  only  suffer  certain  modifications,  whidi  will  be  investi* 
gated  more  particularly  in  the  .sequeL 

Hitherto,  no  obvioos  anatomical  difference  has  been  detected 
between  the  fibres  of  sensation  and  those  of  motion ;  the  difference 
tiiat  certainly  exists  is  recognised  solely  on  the  grounds  of  experience. 

§  238.  In  particular  nerves,  perhaps  in  all  nerves,  with  the 
exception  of  those  of  the  spedal  senses,  sensitive  and  motory  fibres  are 
present,  intimately  mingled  with  one  another.  The  several  nerves 
and  their  branches  are  therefore  to  be  viewed  as  collections  of 
primary  fibres,  having  different  functions,  proceeding  together  to 
the  organs  to  which  they  are  destined  respectively.  Microsoopic 
examination  farther  shows  us  that  the  several  primary  fibres 
always  remain  separate  from  one  another,  never  blending  or  ana»» 
tomosing,  each  keeping  its  course  distinct  firom  all  the  rest  froMn 
the  brain  to  the  remotest  part  of  the  body.  Whether  in  the 
periphery  of  the  body  fibres  of  the  same  or  of  different  fimctions 
unite  to  form  loops  or  not,  is  unknown.  In  all  likelihood,  howev^ 
fibres  of  like  office  alone  compose  peripheral  loops.^^'.  As  we 
have  just  seen,  the  course  of  the  nervous  agency  in  the  nerves  of 
sensation  is  centripetal,  in  the  nerves  of  motion,  centrifugal  It 
is,  therefore,  and  on  thb  account,  that  the  impression  which  a  nerve 
of  sensation  receives  in  the  periphery,  is  only  perceived  when  it  is 
in  uninterrupted  communication  with  the  brain  and  spinal  cord* 
Stimuli  of  all  kinds  excite  sensations  in  this  way.  Applied  to 
motory  or  muscular  nerves,  the  same  stimuli  occasion  contractions 
in  the  muscles  to  which  the  nerves  are  distributed.     The  effect 

*^»  The  aoatomical  fact,  that  the  primary  fibres  form  loops  at  the  peripheiy, 
has  hitherto  afforded  no  secure  grounds  for  conclusions  in  regard  to  their 
functions.  Here,  unhappily,  we  find  ourselves  in  the  maze  of  hypothesis. 
According  to  Carus,  the  conduction  in  these  loops  or  anastomoses  of  an  oat- 
going  and  incondng  fibre,  takes  place  in  the  sense  of  the  circulation :  a  motory 
fibre  haying  attained  the  periphery,  passes  into  a  sensitive  fibre.  Vide  MOller^a 
Archiv,  f.  1S39,  S.  366,  ai^d  f.  1840,  S.  521.  What  renders  it  most  probable 
that  sensitive  fibres  only,  and  motory  fibres  only,  combine  to  form  loops,  is  the 
&ct  that  such  is  obviously  the  arrangement  with  the  fibres  of  the  auditory  nerve. 
(Vide  §  232).  It  is  easy  enough  also  to  observe  loopings  in  the  skin  and  in  the 
muscles,  and  we  might  infer  that  here  nerves  of  sensation  only,  there  nerves  of 
motion  only,  anastomosed,  were  it  not  that  the  skin  possessed  a  certain  con- 
tractility dependent  on  the  nervous  system  (goosp-skin) ;  and  the  muscks 
a  sensation,  which  is  often  yery  decided,  as  in  cramp. 
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follows  in  both  mBtances,  whether  the  nerve  that  is  stimulated  be 
in>  uninterrupted  oommunication  with  the  brain  and  spinal  cord,  or 
be  cut  off  from  its  connexion  with  the  nervous  centres.  Of 
oourse,  however,  the  nerve  must  remain  in  iminterrupted  commu- 
nication with  the  part  to  which  it  is  distributed. 

Begeneratum  of  Nerve, 

§  239.  By  the  division  of  a  nerve,  as  we  have  seen,  the  trans- 
miflsion  of  the  nervous  influence  in  the  determinate  direction  is 
interrupted.  If  a  mixed  nerve  is  cut  through,  impressions  made 
on  those  parts  that  are  supplied  by  the  nerve  below  the  division 
are  not  transmitted  to  the  centres,  and  the  will  reaches  not  beyond 
the  point  at  which  the  solution  of  continuity  exists.  But  let  the 
divided  nerve  grow  together  again,  and  the  original  capacity  of 
conveying  impressions  and  volition  is  recovered,  and  a  microscopical 
examination  of  the  cicatrix  shows,  that  in  the  mass  which  the 
axudatioa  has  formed  in  tha  first  instance,  new  primary  nervous 
fibres  are  actually  produced,  precisely  similar  in  every  respect  to 
the  original  ones.  The  only  observable  differences  are,  that  the 
newly  engendered  fibres  are  not  present  in  such  numbers  as  in 
normal  nerve,  that  they  seem  more  conAisedly  mingled  together, 
and  that  they  are  separated  to  a  greater  extent  by  newly  formed 
cellular  tissue,  and  other  exudative  matters.  These  peculiarities 
sufiSce  to  account  for  the  less  perfection  of  function  which  we 
obeerve  along  with  a  reunited  nerve,  neither  sensation  nor  motion 
being  usually  recovered  completely  under  such  circumstances. 
The  time  required  by  a  divided  nerve  for  the  recovery  of  its 
functions,  is  subject  to  great  variations^ 


70 


^  ^  ^  Steinrttck,  in  his  inaugural  dissertation :  De  Nervorum  Begeneraiione^ 
(BeroL  1838,  c.  Tab.)  gives  a  very  good  summary  of  all  the  known  facts  upon 
these  topics,  and  in  addition  numerous  original  experiments.  Vide  also  the  ex- 
cellent researches  of  Nasse  (MUller,  Archiv.,  1839,  S.  495,)  and  of  GQnther  and 
Schon  (lb.  1840,  S.  270).  Hitherto,  the  event  following  the  division  of  nerves 
is  only  known  in  reference  to  those  of  peripheral  parts.  The  time  in  which  the 
union  and  regeneration  of  a  nerve  are  accomplished  is  various,  sometimes  it  is  a 
month,  sometimes  it  is  inore.  Similar  cicatrizations  must  take  place  in  the  central 
organs,  as  is  made  obvious  by  what  happens  in  cases  of  apoplexy,  and  injury  of 
the  brain  and  spinal  cord,  cases  in  which  the  functions  are  often  recovered  at  a 
very  late  period  and  very  gradually.  In  the  nerves  of  the  special  senses, 
regeneration  is  never  else  than  incomplete,  and  the  function  seems  not  to  be 
recovered.     Vide  §  246,  Annot  1 . 
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IrritabiKty  of  Nerves. 

§  240.  It  is  of  the  greatest  importance  to  examine  into  the 
irritability  of  the  nerves,  and  to  ascertain  the  nature  of  the  different 
stimuli  which  they  obey.     It  is  by  the  medium  of  an  accurate 
knowledge  of  such  relations,  indeed,  that  it  becomes  possible  to 
discover  the  functions  of  each  individual  part  of  the  nervous  sys- 
tem, to  imdertake  an  extensive  series  of  empirical  experiments, 
which  should  supply  a  sure  bosb  for  a  physiology  of  the  nervous 
system.     Stimuli  or  irritants  are  of  different  kinds,  but  may  all  be 
arranged  under  the  five  following  g^ieral  heads :  1^^,  mechanical 
STIMULI.      To  this    chapter  belong    pressure,    blows,  priddng, 
wounding,   and  separation  of  the  primary  fibres.      By  all  these 
influences  sensation  is  aroused,  and  when  they  are  excessive,  and 
a  cutaneous  nerve  is  implicated,  pain  is  produced.   The  nerves  of  the 
special  senses,  however,   when  mechanically  stimulated,  do  not 
excite  ideas  of  pain,  but  perceptions  more  or  less  in  accordance  with 
their  peculiar  functions : — pressure  on  the  retina  causes  sensations 
of  light;  a  blow  on  the  head,  riding  in  a  rough  carriage,  etc,  when 
the  auditory  nerve  is  mechanically  shaken,  is  followed  by  humming 
or  ringing  noises  in  the  ear.     We  have  a  familiar  illustration  of  the 
way  in  which  mechanical  irritation,  applied  directly  to  a  nervous 
trunk,  acts,  in  the  case  when  we  chance  to  strike  the  ulnar  nerve 
against  any  hard  body;  the  pain  that  results  is  felt  in  thehand,and 
in  every  part  to  which  the  nerve  sends  branches.     When  muscular 
nerves  are  stimulated,  contractions  or  spasms  are  induced,  which 
continue  so  long  as  the  stimulus  is  applied,  and  in  some  cases,  for 
example,  in  the  structures  supplied  by  the  sympathetic  nerve,  even 
after  the  stimulus  is  removed.     The  force  used,  or  injury  done  to 
the  nerve,  being  so  great,  that  its  substance  is  destroyed,  sensation 
and   motion,   or   the  capacity  to  transmit  these  is  annihilated. 
2dy  CHEMICAL  STIMULI.     All  acrid,  corroding  substances,  such  as 
alkalis,  many  salts,  acids,  etc,  act  precisely  in  the  same  way  as 
mechanical  stimuli ;  they  must  never  of  course  be  applied  of  such 
strength,  or  in  such  quantity,  as  to  destroy  the  organic  substance, 
otherwise,  their  influence  as  stimulants  is  gone.     Sdy  THE  stimu- 
lus OP  temperature.     Within  certain  limits  neither  heat  nor 
cold  appears  to  have  any  peculiar  action  upon  the  sensitive  and 
motory  fibres ;  in  excess,  however,  they  affect  the  nerves  power- 
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fully :  ice,  cold-water,  and  the  contact  of  a  red-hot  wire,  occasion  as 
energetic  contractions  in  the  muscles,  as  they  give  rise  to  severe 
pain  in  the  nerves  of  sensation.  [The  continued  application  of 
more  moderate  degrees  of  cold,  is  universally  known  to  blunt 
sensation  and  to  paralyse  the  muscles.]  Athy  ELECTBiCAii  stimuli 
occasion  similar  phenomena.  The  shock  which  is  felt  on  taking  a 
spark,  or  discharging  a  Leyden  phial,  is  a  consequence  of  the  elec- 
trical stimtdus,  and  is  the  expression  of  the  pain  which  accompa- 
nies the  sudden  and  violent  contraction  of  the  muscles.  Electricity, 
particularly  galvanic  electricity,  appears  to  affect  the  muscular 
nerves  in  an  especial  manner ;  these  nerves  are  indeed  extremely 
delicate  electrometers,  a  fact  that  is  proclaimed  by  the  excitement 
of  muscular  contractions  by  the  electrical  tension  that  is  induced  by 
the  simple  contact  of  heterogeneous  metals.  The  contractions  are 
observed  to  follow  at  the  moment  of  completing,  and  again  at  that 
of  breaking  the  circle ;  with  the  latter,  however,  the  contractions 
are  of  much  less  extent  than  with  the  former,  and  sometimes  they 
are  not  induced  by  it  at  alL  So  long  as  the  circle  is  kept  complete, 
aU  contractions  cease.  Electricity  in  excessive  force,  as  in  light- 
ning, in  the  shocks  of  very  large  electrical  machines  and  galvanic 
batteries,  do  not  act  as  stimuli,  but  kill  or  destroy  the  nervous 
substance  and  the  nervous  influence  at  once,  like  all  overpowerful 
stimuli  of  other  kinds*'  *.  5thy  The  so  styled  intebnai.  organic, 
and  farther,  pathological  stimuli,  are  for  the  most  part  refer- 
able to  one  or  other  of  the  categories  already  indicated ;  but  they  are 
still  in  some  measure  peculiar.  The  p^  that  accompanies  inflam- 
mation, depends  mainly  on  the  mechanical  pressure  of  the  distended 
vessels  upon  the  sensitive  nervous  fibrilks.  Spasms  connected 
with  the  presence  of  worms  in  the  intestines,  with  impressions  of 
cold,  and  changes  of  external  temperature,  may  be  explained  in  the 
same  way.  The  peculiar  primary  nervous  actions  that  accompany 
certain  pathological  Itates,  such,  for  example,  as  the  feelings  of  heat 
and  cold  in*  febrile  paroxysms,  the  pain  in  the  pure  neuralgias 
without  mechanical  or  other  injury,  etc,   must  be  referred   to 

«vi  In  connexion  with  the  subject  of  the  electrical  stimulus,  see  A.  v. 
Humboldt's  work,  On  the  Excited  Muscular  and  Nervous  Fibre  (Ueber  die 
Oereizte  Muskekmd  Nerven/ueer,  2  Th.  BeroL  1797-99.)«  and  Jo.  MOller  in 
Encydapied.  Worterbuchy  and  his  PhyHoiogy, 
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pathological  stimuli  of  an  organic  Idnd^^*.  A  medium  and  dne 
d^ree  of  stimulation  appears  to  be  maintained  hj  the  normal 
circulation  of  the  blood,  which  indeed  is  altogether  indispensable 
to  the  action  of  the  nervous  system.  The  loss  of  a  large  quantity 
of  blood  may  be  followed  by  almost  every  form  of  nervous  derange- 
ment ;  for  example,  shivering,  sparks  before  the  eyes,  head-edie, 
momentary  or  persistent  blindness,  syncope,  convulsions,  paralyeia 
of  the  central  portions  of  the  nervous  systems,  insanity,  etc  ^^*. 

§  241.  The  nerves  may  in  a  variety  of  ways  lose  their  power  of 
reacting,  under  the  influence  of  stimuli,  temporarily  or  for  ever ; 
they  may  be  brought  into  a  condition  in  which  the  nervous  influ- 
ence shall  cease  to  operate,  yet  without  any  destruction  of  thdr 
substance,  such  as  is  occasioned  by  extreme  mechanical  violence 
and  corrosive  chemical  agents.  A  blunting  or  diminution  of  the 
nervous  irritability  must  therefore  be  acknowledged,  and  this  may 
increase  to  its  entire  suspension  or  annihilation ;  the  state  whidi 
then  exists  is  that  of  complete  paralysis. 

Paralysis  of  nerves  may  be  induced :  Istj  By  over  exdtement, 
or  excitement  continued  too  long^  consequentiy  from  internal  or 
external  incessant  stimulation.  By  continuous  moderate  galvani- 
zation of  a  muscular  nerve,  its  reaction  becomes  weaker  and  weaker 
by  degrees,  and  by  and  by  it  ceases  entirely ;  but  witii  rest,  the 
nerve  [muscle]  gradually  recovers  itself,  and  will  again  respond  to 
the  stimulus  of  the  shock.  In  ordinary  life  such  exhaustion  of  the 
nervous  irritability  or  susceptibility  is  familiarly  known  to  follow 
in  the  eye  from  the  too  incessant  excitement  of  bright  light,  in  the 
ear  from  the  admission  of  over  loud  or  long  continued  noises;, 
in  the  brain  firom  over-application  and  anxiety,  in  the  spinal 
cord  from  over-indulgence  of  the  sexual  appetite,  in  the  muscu- 
lar system  by  over-exertion — men  over-tasked,  animals  overnlriven, 
lie  down  at  last  to  die,  having  lost  all  power  of  farther  effi>rt.  In 
many  cases  the  irritability  would  seem  rathdt  to  increase  in  the 
first  instance,  (exalted  sensibility,)  only  to  become  blunted  the 

^^*  See  farther  on  this  guhject  the  General  and  Applied  Physiology.  The 
work  of  Romberg,  On  tke  Nerwnu  Diseases  of  Memy  CI>ekrtitek  der  Nene^ 
krankheiten  dee  Mensehen,  Berlin,  1840,)  must  be  mentioned  as  a  pathological 
che/tTctuffre,  based  on  the  latest  researches  into  the  physiQlogy  of  the  oerres. 

'^  ^  *  On  the  Inflnence  of  the  blood  upon  the  nervous  qratem,  see  the  esxceUent 
treatise  of  Dr.  Marshall  Hall,  On  Blood-lettings  in  which  the  most  interesting 
observations  and  experiments  are  brought  together. 
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more  quickly  and  completely  afterwardet.  2c/,  By  long  separation 
of  the  nerves  from  the  brain  and  spinal  cord,  they  lose  their  pro- 
perties of  reacting  under  stimuli, — of  occasioning  sensations,  or 
caufliiig  contractions  in  the  muscles.  This  fact  is  readily  demon- 
strated by  experiment :  if  a  portion  of  a  nerve  be  removed  in  a 
living  animal,  stimuli  applied  after  a  certain  time  to  the  remote 
end  of  the  wounded  nerve,  excite  no  contractions  in  the  muscles 
to  which  its  branches  are  distributed^'^.  3</,  There  is  a  peculiar 
cla«  of  substances  which  possess  the  property  of  rendering  the 
nervous  influence  very  rapidly  inoperative,  without  inducing  any 
manifest  change  in  the  anatomical  state  or  relations  of  the  nervous 
substance — this  at  least  must  be  owned  in  the  present  state  of  our 
knowledge. — These  are  nabcotics.  They  seem,  as  the  general 
rule,  to  blunt  after  having  powerfully  exalted  the  sensibility,  par- 
ticularly of  the  central  parts,  for  a  brief  interval  previously. 
To  this  excitement  complete  paralysis  succeeds^  ^^.  The  effect 
of  narcotics  is  in  many  cases  so  rapid,  however,  that  the  period  of 
excitement  is  almost  inappreciable.  Narcotics  may  operate  in  two 
ways;  (a)  By  being  taken  up  into  the  circulation,  therefore  indi- 
recdy ;  and  (i)  By  being  applied  immediately  to  the  tissues,  and, 
therefore,  directly,  (a)  When  poisonous  substances  of  peculiar  inten- 
sity, such,  for  example,  as  hydrocyanic  acid,  strychnine,  coniine,  the 
poison  of  serpents,  etc,  are  thrown  immediately  into  the  blood,  or 

*'*  For  farther  development  of  the  points  here  touched  on,  see  the  Oeneral 
^tkiogy.  It  is  obvious  that  with  all  exalted  reaction  there  is  a  greater  ex- 
penditore  of  the  nervous  influence  than  in  the  normal  state,  and  that  this  is  fol- 
lowed by  feebleness  and  exhaustion,  until  by  repose  and  the  renovation  of  the 
blood  from  the  chyle,  the  nerves  have  had  adequate  supplies  of  the  element 
necessary  to  their  nutrition  afforded  them. 

^^^  Sticker  and  MQller  have  made  experiments  on  this  matter;  vide  the 
ArcUo  f.  1834,  p.  202.  Experiments  on  rabbits  showed  that  when  nerves  which 
had  been  divided  did  not  again  coalesce,  the  peripheral  or  distal  portions  lost 
their  susceptibility  to  mechanical  and  galvanic  stimuli  entirely,  or  in  great 
measure,  in  the  course  of  two  months  ;  th^  muscles  to  which  these  nerves  were 
(distributed  also  lost  their  irritability  in  the  same  period.  In  making  this  expo- 
nent it  is  found  necessary  to  remove  a  piece  of  the  nerve  completely,  in 
order  to  withdraw  the  peripheral  portion  of  the  nerve  more  certainly  from  the 
inflaence  of  the  central  masses ;  if  this  be  not  done,  the  upper  and  lower  divided 
extremities  of  the  nerve  soon  grow  together,  or  become  connected  by  means  of 
so  intermediate  substance  in  which  new  nervous  fibrils  are  produced,  whereby 
the  capacity  of  conduction  is  restored.  (See  §  239.)  In  the  experiments  referred 
to,  the  animals  remained  to  the  end  paralyzed. 

3  C 
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even  taken  into  the  stomachy  in  moet  cases  paralysis  of  sensation  and 
motion  of  the  entire  organism,  and  death,  follow  with  singular  ra- 
pidity. In  such  circumstances,  the  poisons  dissolved  in  the  blood 
almost  always  operate  immediately  upon  the  central  portions  of  the 
nervous  system,  the  entire  mass  of  blood  being  simultaneously  and 
very  rapidly  altered.  The  nerves  and  muscles  nevertheless  some- 
times preserve,  for  a  longer  or  shorter  space  of  time,  the  faculty  of 
reacting  imder  the  application  of  local  stimulants.  Frequently, 
however,  this  local  susceptibility  to  stimuli  is  very  speedily  anni- 
hilated^ ^ '.  (b)  When  narcotic  substances  are  brought  into  immediate 
contact  with  the  living  tissues,  as  when  a  solution  of  belladonna  is 
dropped  into  the  eye,  or  when  the  nerves  or  muscles  of  an  animal 
are  moistened  with  a  solution  of  opium,  or  other  powerful  narcotic, 
the  nerves  lose  their  capacity  of  reaction  very  rapidly,  and  the 
muscles  soon  cease  firom  contracting  under  the  influence  of  mecha- 
nical, galvanic  and  other  stimuli'^ ^  ^. 

4  7  e  xhis  is  always  seen  in  the  course  of  the  experiments  upon  frogs  with 
strychnine,  described  in  §  215  :  violent  clonic  and  tonic  spasms  are  first  induced. 
The  slightest  movements,  merely  shaking  the  table  or  vessel  on  or  in  which  the 
animals  are  placed,  occasions  renewed  and  aggravated  spasms,  so  long  as  the 
power  of  reaction  remains.  The  same  thing  occurs  when  birds  and  mamimiU 
are  the  subject  of  experiment;  a  dose  of  strychnine,  coniine,  or  prossic  acid, 
is  followed,  in  the  first  instance,  by  spasms  in  the  most  dissimilar  and  distant 
parts,  more  or  less  remarkable,  according  to  the  nature  of  the  poison ;  and  it  is 
only  after  these  that  paralysis  and  death  ensue. 

^7  7  ^piie  investigation  of  the  modus  agendi  of  narcotic  poisons  upon  the 
central  parts  of  the  nervous  system,  after  their  reception  into  the  circulation, 
is  a  subject  of  the  highest  interest.  The  symptoms  or  phenomena  which 
mamfest  themselves  in  the  difierent  organs  of  motion,  have  been  particularly 
noted,  and  I  shall  here  briefiy  recapitulate  the  particulars  of  a  series  of  experi- 
ments perfonned  some  time  ago.  A  strong  dog,  several  years  old,  had  25  drops 
of  a  solution  of  nitrate  of  strychnine  (5  grs.  to  Jss  of  spirit)  injected  into  his  right 
pleura  through  a  puncture  in  the  side ;  as  no  phenomena  were  manifested  after 
the  lapse  of  five  minutes,  40  drops  more  of  the  same  solution  were  iiyected ;  a 
minute  after  this  the  extremities  began  to  be  twitched  with  spasms,  immediately 
after  which,  the  whole  body  became  rigid,  the  four  extremities  being  stretched 
out ;  then  for  an  interval  of  four  minutes,  there  was  an  alternation  of  tonic  and 
clonic  spasms,  particularly  trismus,  with  alternate  opening  and  shutting  of  the 
mouth,  trembling  of  the  tongue,  rolling  of  the  eyes ;  at  first,  there  was  dis- 
charge of  urine,  by  and  by,  of  feces,  and  finally,  of  mucus  from  the  mouth. 
Four  minutes  later  death  took  place  with  relaxation  of  every  part.  On  opening 
the  abdomen,  the  peristaltic  motion  of  the  intestines,  normal  in  the  first  moment, 
— ■*  increased  by  the  action  of  the  air. — In  an  owl,  S!5  drops  of  the  same  solution 
1  from  behind  into  the  lung,  occasioned  clonic  spasms  within  one  minute ; 
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CHAPTER  IIL 

Of  the  Functions  of  the  Several  Nerves. 

§  242.  The  first  step  towards  a  right  understanding  of  the 
function  performed  by  each  nerve,  was  taken  by  Charles  BelL 
From  simple  observation  of  the  anatomical  distribution  of  the 
nerves,  and  the  morbid  phenomena  he  met  with  in  the  course  of 

the  animal  sunk  in  a  state  of  coUapse,  opened  its  beak  repeatedly,  then  became 
tetanic,  and  in  three  minutes  died.  A  frog  being  the  subject  of  experiment,  a 
similar  dose  of  the  same  poison  was  followed  in  half  a  minute  by  general  tonic 
spasms,  then  by  a  tremulous  motion  in  many  muscles  indiyidnally ;  half  an  hour 
later,  and  when  the  tetanus  had  ceased,  convulsions  were  reproduced  when  the 
animal  was  touched.  A  puppy,  3  weeks  old,  had  20  drops  of  a  watery  solution  of 
stiychnine  administered  to  it.  Five  minutes  afterwards  the  bowels  acted  copiously, 
and  the  whole  body  shook  or  trembled  without  other  ulterior  phenomena.  26  drops 
of  an  alcoholic  solution  of  strychnine  (2  grs.  to  5i-)  were  then  injected  through  a 
wound  in  the  skin,  after  which,  with  the  exception  of  a  general  rigor  or  shivering 
fit,  no  effect  was  produced ;  half  a  minute  after  25  drops  more  of  the  same  solution 
had  been  thrown  into  the  cavity  of  the  pleura,  symptoms  of  trismus  and  tetanus 
supervened;  a  great  quantity  of  saliva  was  discharged,  and  the  pupils  were  much 
dilated ;  in  ten  minutes  the  izritability,  which  had  been  powerftdly  exalted  at  first, 
was  extinguished,  and  the  animal  died.  On  opening  the  abdomen,  peristaltic 
motions  were  set  up  vigorously  in  the  intestines,  and  were  still  fiirther  increased 
in  energy  when  the  cceliac  plexus  was  touched  with  a  solution  of  caustic  potash ; 
the  motions  of  the  heart  continued  for  80  minutes,  as  did  the  contractions  of  the 
diaphragm,  when  the  phrenic  nerve  was  irritated ;  the  nerves  of  the  extremities 
showed  no  reaction  under  the  application  of  stimuli.  A  dog  of  the  same  age  as 
the  last  had  30  drops  of  a  solution  of  coniine  (10  grs.  to  5vi  alcoh.)  thrown 
into  the  ca?ity  of  the  thorax;  in  two  minutes  single  clonic  spasms  supervened, 
then  very  violent  opisthotonos,  next  trismus,  and  in  five  minutes,  death ;  irritahi- 
lity  of  parts,  as  in  last  case.  The  following  experiment  shows  how  very  differentiy 
the  irritability  stands  affected  in  different  cases  after  poisoning  with  narcotics,  even 
in  the  same  kind  of  animal :  A  number  of  firogs  of  the  same  size  and  vigour  were  kill* 
ed  with  strychnine,  (25  drops  of  a  soL  of  2  grs.  to  ^bs  of  the  menstruum) ;  the  teta- 
nus was  observed  to  supervene  with  almost  like  celerity  whether  the  poison  was 
given  by  the  mouth,  insinuated  under  the  skin,  applied  immediately  to  the  spi- 
nal marrow,  &c,  and  whether  the  animal  was  decapitated  or  not.  In  the 
greater  number,  the  irritability  in  the  nerves  of  the  leg  was  found  extinguished 
very  shortly  after  death,  and  was  not  to  be  aroused  by  galvanism  (at  least  not 
with  the  force  of  a  single  pair  of  plates) ;  in  several  some  slight  reaction  was 
stin  apparent,  and  in  a  few  the  irritability  was  conspicuous  an  hour  after  death. 
One  firog,  poisoned  with  coniine,  died  without  tetanic  spasms  after  a  couple  of 
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his  practice,  this  distingulBhed  individual  was  led  to  perceive  that 
the  nerves  of  every  organ  were  numerous  or  complicated,  in  pro- 
portion to  the  number  or  complicated  nature  of  its  ftmctions. 
He  discovered  that  the  anterior  roots  of  the  spinal  nerves  possessed 
merely  motory  powers,  and  that  the  posterior  roots,  provided  with 
a  ganglion,  were  endowed  with  the  faculty  of  sensation  alone. 
The  resemblance  of  the  fifth  cerebral  pair  to  the  spinal  nerves 
soon  led  Bell  to  the  idea,  that  its  roots,  in  all  probability,  possessed 
similar  functions ;  and  observations  and  experiments  upon  animals 
taught  him  that  the  sensibility  of  the  face  was  due  to  branches 
derived  from  the  larger  root  of  the  fifth,  whilst  its  voluntary 
motions  were  all  dependent  on  the  partio  dura  of  the  seventh 
pair*'*.     The  path  was  now  opened  to  a  new  physiology  of  the 

convulsive  throes ;  the  sciatic  nerves  in  this  case  remained  long  irritable.  In  all,  the 
heart  continued  to  beat  for  a  great  length  of  time.     Frogs  from  which  the  heart 
had  been  removed,  and  to  which  strychnine  was  applied  without  producing  any  of 
its  peculiar  effects,  (vide  §215,)  retained  their  whole  irritability  long  after  death. 

MUller  dissected  the  femoral  nerve  of  a  frog  free  from  all  surrounding  parts 
for  a  considerable  distance,  and  then  applied  a  solution  of  acetate  of  morphia  to 
it ;  after  a  time  the  end  of  the  nerve  had  completely  lost  its  power  of  manifesting 
irritability.  The  same  thing  happened  when  muscles  were  placed  in  a  solution 
of  opium.  Alexilnder  von  Humboldt  observed  the  pulsations  of  the  heart 
to  become  first  extremely  rapid  under  the  influence  of  tincture  of  <^ium,  and 
then  to  cease  entirely ;  MfUler*8  experiments  show  that  the  narcotizing  efi'ects  of 
opium  are  limited  to  the  parts  to  which  the  drug  is  applied ;  that  they  do  not  ex- 
tend to  the  rest  of  the  system.  [The  drug  being  received  into  the  circulating 
sy8tem,of  course  exerts  its  specific  effects  generally,  inasmuch  as  it  is  by  this 
means  applied  generally.    R.  W.] 

47  •  Bell's  first  inquiries  date  prior  to  the  year  1811,  when  he  printed  and  cir- 
culated privately  a  little  tract  entitled :  An  idea  of  a  new  Anatomy  of  the  Brain^ 
submUtedfor  the  Observation  of  the  Author's  Friends.  At  a  subsequent  period, 
his  researches  were  laid  before  the  Royal  Society  in  a  series  of  six  papers,  which 
may  be  found  printed  in  the  Philosophical  Transactions  between  1821  and  1829. 
These  papers  were  afterwards  coUected  by  the  author,  and  published  with  addi- 
tions, under  the  compendious  title :  The  Nervous  System  of  the  Human  Body^  em* 
bracing  the  Papers  delivered  to  the  Royal  Society,  4to.  Lond.  1830. 

Magendie  avers,  that  he  had  independently,  and  by  the  way  of  experiment,  dis- 
covered in  the  year  1822  that  the  division  of  the  posterior  rooU  of  the  spinal 
nerves  was  followed  by  the  cessation  of  feeling  only,  the  division  of  the  anterior 
roots  by  the  loss  of  motion.  Journal  de  Physioiogie  ExperhnentaUy  tom.  ii.  p.  276 ; 
and  in  De8moulin*8.^1iuitomie«<  Physiologie  des  Systemes  Nerveux,  Paris,  1825,  tom. 
ii.  p.  777  ;  and  there  is  no  question  but  that  Magendie,  who  experimented  on 
warm-blooded  animals,  confirmed  by  vivisections  the  views  entertained  by  Bell. 
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nervous  system,  which  has  found  numerous  labourers  in  very  recent 
times;  and,  however  contradictory  and  imperfect  many  observa- 
tions still  remain,  however  slow  our  actual  advances  in  the  know- 
ledge of  particular  facts,  may  have  been,  we  can  already  predicate 

Jo.  MQller  has  the  merit  of  having  shown  the  facility  with  which  such  experiments 
can  be  performed  on  frogs,  and  the  striking  results  which,  when  rightly  set  about, 
they  always  afford — Froriep's  NoUzen^  Marz,  1831,  No.  646-647,  reprinted  with 
additions  in  Romberg's  Translatwn  of  BeU^  and  the  experiments  extended  to 
several  of  the  cerebral  nerves.  [It  is  only  fair  to  mention  the  names  of  Drs. 
GaU  and  Spurzheim,  and  of  Mr.  Alexander  Walker,  in  connection  with  the 
History  of  Discovery  in  the  Anatomy  and  Physiology  of  the  nervous  system. 
The  two  distinguished  men  first  named,  in  their  joint  memoir  addressed  to  the 
French  Institute  in  March,  1808,  insist  particularly  on  the  mutual  independence, 
both  anatomically  and  physiologically,  of  the  several  parts  of  the  nervous  system ; 
the  third  corollary  which  they  deduce  from  their  anatomical  discoveries,  is  to 
the  following  effect :  "  That  there  are  as  many  particular  systems,  as  there  are 
different  functions,  but  that  all  communicate  by  anastomoses/*  This  doctrine 
is  obviously  the  most  general  expression  of  that  which  is  now  universally 
received ;  and  it  is  quite  certain  that  the  teaching  and  writings  of  the  two 
German  anatomists  had  immense  influence  upon  the  views  of  their  cotempo- 
raries,  in  regard  to  the  structure  and  functions  of  the  nervous  system.  Reil 
resumed  his  long  neglected  study  of  the  Anatomy  of  the  Brain  af^er  their  visit 
to  Halle  In  1805  or  1806,  and,  in  fact,  adopted  and  exposed  their  views  of  the 
structure  of  the  cerebellum  and  brain  in  the  series  of  papers  which  he  published 
in  his  Archivfur  Physiologie^  for  1807 — 08  and  following  years. 

Mr.  Alexander  Walker,  in  two  papers  published  in  the  Archives  of  Science  in 
1809,  expresses  himself  in  the  following  terms :  **  Now  as  in  some  cases  sensation 
exists  without  volition,**  [he  means  the  power  to  execute  voluntary  motions] 
^  and  as  almost  all  nerves  arise  by  distinct  filaments,  I  am  of  opinion  that, 
wherever  a  part  haying  both  sensation  and  motion  is  supplied  from  one  nervous 
trunk,  that  trunk  envelopes  both  a  nerve  of  sensation  and  one  of  volition."  *  * 
**  It  is  evident  that  two  species  of  action  take  place  through  this  [the  medullary 
nervous]  structure,  one  obviously  advancing  from  the  organs  of  sense  towards  the 
scnsorium  commune,  and  another  returning  from  the  sensorium  commune  to 
actuate  the  muscles  and  produce  locomotion.  Now  it  does  not  accord  with  the 
distinctness  of  natural  operations  to  suppose,  that  these  motions  in  opposite  di- 
rections take  place  through  one  and  the  same  series  of  particles ;  it  is  far  more 
accordant  with  that  distinctness  to  suppose  that  they  take  place  through  different 
series ;  and  this  becomes  confirmed  when  we  observe  *  *  *  the  double  columns 
of  the  spinal  marrow,  *  *  and  the  double  origins,  as  they  are  termed,  even  of  the 
encephalic  nerves."  The  writer  then  goes  on  to  state,  that  action  commences  in 
the  organs  of  sense,  and  passes  by  the  an/^nVir/a^ctCttlf  of  the  spinal  nerves,  which 
must  therefore  be  nerves  of  sensation,  whilst  volition  commencing  in  the  cere- 
bellum descends  through  the  posterior  columns  of  the  spinal  marrow,  and  expands 
through  iha  postei'ior  fascictdi  oi  iS\  the  nerves,  which  must  therefore  be  nerves 
of  volition.     Farther  experience  has  not  confirmed  the  absolute  accuracy  of  these 
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with  the  greatest  security  a  complete  sohition  of  all  difficulties  in  the 
end  *^*.  Besides  immediate  anatomical  investigation,  carefuUy  con- 
ducted experiments  on  animals  just  killed,  rarely  on  living  animals, 
are  here  of  great  importance.  We  here  make  use  of  a  variety  of 
subsidiary  means,  which  are  generally  referable  to  the  due  appli- 
cation of  stimuli,  the  effects  of  which  have  already  been  hinted  at, 
(§  240.)  It  is,  indeed,  in  connexion  with  the  functions  of  the 
nervous  system,  that  experimental  physiology  has  at  this  moment 
the  widest  theatre  for  display ;  neither  does  any  part  of  physiology 
receive  greater  assistance  from  anatomical  investigation,  and  the 
observation  of  morbid  phenomena,  than  this. 

views ;  but  there  is  the  broad  principle  of  difference  of  office  between  the  two 
roots  of  the  spinal  nerves  asserted  on  anatomical  grounds,  and  it  was  easy  after- 
wards for  any  one  to  try  whether  the  thing  was  so  or  not.  Vide  my  addition  to 
Annot.  525.    R.  W.] 

*''^  The  first  compendious  and  systematic  view  of  the  modem  physiologj  of 
the  nervous  system,  which  is  besides  enriched  with  a  multitude  of  new  fiu^ts 
and  important  observations  peculiar  to  the  author,  is  contained  in  the  third 
book  of  Maller*s  Physiology,  After  this,  a  number  of  important  papers  and 
publications  made  their  appearance  one  after  another,  (for  MUller*8  dissertation 
had  cleared  the  path  for  all  to  follow,)  which  contain  various  new  facts  in  regard 
to  the  ftinctions  of  the  cerebral  nerves,  and  which  severally  confirm,  complete, 
or  rectify  each  other.  The  following  writers  deserve  to  be  particularly  men- 
tioned :  Panizza,  Ricerche  sperimentaU  sopra  t  Nervi^  Pavia,  1834,  translated  into 
German  by  Schneemann,  Erlangen,  1836,  (very  important  fix>m  the  exhibition 
of  the  Glosso-pharyngeus  as  a  nerve  of  taste.)  Dr.  Marshall  Hall  who  has  pro- 
bably occupied  himself  more  than  any  one  else  with  experiments  and  speculations 
on  the  nervous  system,  has  published  a  number  of  papers  and  works  fix>m  time  to 
time  upon  its  anatomy  and  physiology.  The  last  and  most  comprehensive  is  en- 
titled :  On  the  Anatomy^  Physiology,  and  Pathology  of  the  Nermms  System,  Lond.  8  vo, 
1842.  Valentin,  De  FunctionOms  Nervorum  Cerehralium  et  Nerd  Sympatkiei, 
lib.  iv.,  Bern,  1839, 4to.  In  this  important  work,  not  only  are  the  observations  of 
all  previous  inquirers  passed  in  review,  and  made  use  of^  but  many  new  views 
peculiar  to  the  author  are  exposed,  and  the  results  of  his  multifarious  experi- 
ments given.  The  functions  of  the  central  masses  are  not  discussed.  Volk- 
man  has  very  recently  instituted  inquiries  upon  a  very  extensive  scale,  and  in 
part  made  known  the  results  he  has  obtained :  On  the  matory  influences  of  the 
cerebral  and  cervical  Nerves  {Ueber  die  motorischen  Wirkungen  der  Kopf'und 
Halsnerven,)  in  Mailer's  Arehiv  f.  1841.  Budge  has  also  commenced  a  series  of 
experiments:  Researches  on  the  Nervous  System,  Ist  part,  {Untersuchuagen 
aber  das  Nervensystem,)  Frankf.  1841.  Stilling  of  Cassel  made  known  a  few 
of  the  conclusions  to  which  he  had  attained  fit>m  his  numerous  experiments,  at 
the  assemblage  of  Naturalists  that  took  place  at  Brunswick,  in  1841,  and  has 
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Means  and  Appliances  for  Conducting  Inquiries, 

§  243.  Experience  has  shown  that  in  conducting  experiments, 
the  right  use  of  various  means  of  excitement  or  stimulation^  may  be 
of  the  greatest  importance ;  and  that>  on  the  contrary,  many  errors 
have  arisen  from  the  employment  of  inappropriate  or  insufficient 
agents  and  apparatus.  It  therefore  seems  proper  in  this  place 
to  point  out  the  most  necessary  implements  and  methods  of  pro- 
cedure, by  the  due  use  of  which,  the  wished-for  ends  may  be  most 
surely  attained,  and  every  one  be  in  a  condition,  without  any  great 
charge  for  tools,  to  repeat  and  test  recorded  experiments,  and  to 
make  new  ones  for  himself  ^'°.     For  the  principal  experiments, 

communicated  them  to  the  author  of  this  work  in  MS.  Van  Deen,  whose  varied 
and  highly  important  inquiries  are  collected  in  his  work,  entitled,  TraitSs  et 
Dicouwertes  nor  la  Phygiologie  de  la  Moelle  iphuere^  Leide,  1841. 

^*^  As  the  instruments  necessary  in  conducting  experiments  upon  the  phy- 
siology of  the  nervous  system  are  not  generally  known,  I  shall  here  supply  a 
short  account  of  them.  In  laying  open  the  spinal  canal  of  frogs,  a  pair  of  cutting 
pliers  of  the  fiishion  of  those  figured  helow  will  be  found  extremely  useful. 
With  such  an  instrument,  the  muscles  having  been  previously  removed,  it  is  easy 
to  cut  away  the  vertebral  arches  behind,  or  the  bodies  of  the  vertebrae  before, 
and  80  to  expose  the  spinal  cord  either  on  its  dorsal  or  abdominal  aspect.  Pliers 
of  the  same  kind,  of  a  larger  rize,  will  be  found  the  best  instruments  for  laying 
bare  the  spinal  cord  of  rabbits,  dogs,  &c.  For  the  mechanical  stimulation  of  the 
nervous  roots,  and  of  any  point  upon  a  cut  surface  of  the  brain  or  spinal  cord, 
it  is  well  to  be  provided  with  a  needle  mounted  on  a  light  handle  (Fig.  2).  This 
needle  should  be  of  soft,  not  of  tempered  steel,  so  that  it  can  readily  be  bent  in 
different  curves,  and  so  made  to  serve  for  raising  the  roots,  or  particular 
filaments  of  nerves  which  we  would  stimulate,  or  snip  through  with  the  scissars. 
This  implies,  that  scissars  of  different  sizes  and  fkshion,  mostly  of  delicate 
construction,  both  straight,  and  curved,  with  fine  points  and  knife  edges,  similar  to 
those  that  are  made  for  the  performance  of  operations  on  the  eye,  should  be  at 
hand.  Stilling  recommends  small  but  strong  scissars,  vrith  short  blades  bent 
at  an  angle,  as  convenient  for  getting  at  the  spinal  cord  of  firogs,  &c.  To  open 
the  cranium  of  rabbits  quickly,  and  at  the  same  time  to  remove  a  portion  of 
the  included  brain,  Stilling  uses  a  strong  sickle-shaped  blade,  in  the  fiishion  of 
a  pruning  knife.  A  very  usefbl,  in  many  cases  even  an  indispensable  instru- 
ment, is  the  Neurotome.  (Fig.  3.)  It  is  a  small  knife  of  such  strength  and 
fashion  that  it  can  be  forced  through  the  bony  covering  of  the  brain,  in  the 
smaller  animals,  and  made  to  reach  with  the  least  possible  amount  of  injury, 
the  nerves   at    their  roots    or   origins.      Among   chemical  stimuli,  caustic 
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frogs  afford  the  best  subjects ;  for  those  having  reference  to  the 
cerebral  nerves,  rabbits  and  dogs  among  the  mammalia  are  generally 

potash,  and  strong  acetic  acid,  will  probably  be  found  the  best  and  most  con- 
venient in  the  greater  number  of  instances.  Acetic  acid  in  particular,  is  an 
excellent  irritant ;  it  is  eanlj  applied  of  any  strength,  by  means  of  a  finely 
pointed  glass  rod,  to  whatever  part  seems  desirable.  Some  kind  of  galvanic 
apparatus  is  altogether  indispensable ;  probably  the  most  useful  of  any,  will 
be  found  a  simple  pair  of  plates,  and  the  form  delineated  in  Fig.  4,  is  greatly  to 
be  commended.  It  consists  of  a  plate  of  copper  well  beaten  and  polished,  of  a 
pointed  lozenge  shape,  a,  and  of  a  plate  of  zinc,  of  the  same  shape,  ft, 
connected  by  means  of  a  silver,  or  plated  copper  wire,  in  such  a  way,  that  the 
two  poles  can  be  brought  close  together,  and  applied  to  a  particular  point,  or 
being  separated  can  be  made  to  include  a  certain  extent  of  parts  in  the  circuit. 
This  very  feeble  apparatus  is  still  capable,  on  the  circuit  being  closed,  of 
exciting  the  strongest  contractions  in  the  muscles  of  the  whole  hinder  extremity 
of  a  frog,  through  the  entire  extent  of  the  diaphragm  in  a  rabbit,  kc.  In  em- 
ploying galvanism,  it  is  always  proper  to  begin  with  a  single  pair  of  plates;  with 
an  apparatus  of  no  greater  power,  the  specific  function  of  the  two  orders  of  roots 
arising  from  the  spinal  cord  can  be  demonstrated ;  whilst  with  a  more  powerful 
system,  all  becomes  confusion,  the  galvanic  fluid  being  in  such  quantity  as  to 
pass  from  one  root  to  another.  It  is  oflen  necessary,  however,  to  have  a  greater 
current  than  is  produced  by  the  single  pair  of  small  plates,  for  instance,  in 
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chosen***.  It  will  not  be  held  impertinent  if  I  here  observe,  that 
in  many,  in  the  majority  of  cases,  experiments  performed  upon 
animals  but  just  killed,  yield  less  complicated  and  more  decisive 
results,  than  such  as  are  instituted  on  living  animals* 


sa 


trying  the  state  of  the  excitability  in  the  muscular  nerves  of  animals  that  have 
been  dead  for  some  time,  or  of  parts  that  have  been,  for  a  longer  or  shorter  petiod 
of  time,  entirely  fleparated  from  the  body.  In  many  subjective  experiments,  for 
example,  on  the  irritability  of  nerves  of  sense,  an  inductive  apparatus,  such  as  may 
be  found  described  in  the  ordinary  text  books  of  natural  philosophy,  is  the  most  con- 
venient ;  I  have  myself  found  the  inductive  multiplier  of  Gauss  and  Weber  (Gehler's 
Dic^anary  of  Phynctf  vol.  ix.,p.  120,  Fig.  XV.)  extremely  available ;  experiments  of 
the  most  varied  kind  can  be  undertaken  by  its  means,  and  as  it  is  capable  of  nice 
regulation,  yet  works  with  very  considerable  energy  ;  as  it  is  easily  kept  in  order, 
and  requires  little  or  no  trouble  in  cleaning,  getting  ready,  &c.,  it  is  much  to  be 
recommended. 

^'^  Frogs  are  particularly  available  for  many  of  the  experiments,  which  will 
be  indicated  by  and  by.  They  must,  however,  be  lively  and  vigorous.  In  very 
hot  weather  they  are  not  such  good  subjects  as  when  the  temperature  is  mode- 
rate. It  is  seldom  necessary  to  go  higher  than  the  harmless  rabbit ;  although  in 
tome  cases  dogs  are  more  available.  The  larger  mammals  are  seldom  required ; 
[when  diey  are,  the  donkey,  and  the  horse  at  the  knacker's,  are  the  subjects  gene- 
rally selected.} 

^**  In  the  interest  of  true  science,  and  on  the  score  of  humanity,  it  should  be 
the  business  of  every  physiologist  carefully  to  avoid  the  infliction  of  unnecessary 
pain.  The  cruellest  experiments  have  hitherto  been  the  least  fertile  in  results, 
and  for  this  obvious  reason,  that  in  inflicting  severe  wounds,  particularly  when  they 
were  accompanied  with  a  considerable  loss  of  blood,  which  happens  so  constantly, 
animals  are  brought  ibto  a  condition  in  which  it  is  generally  impossible  to  say  how 
far  any  manifestation  of  pain  or  irritability  is  referable  to  the  general  procedure, 
or  to  any  particular  act  in  its  course,  such  as  the  division  of  the  root  or  branch  of 
a  sensitive  or  motory  nerve,  &c.  It  is  quite  indisputable  that  very  few  satisfac- 
tory results  have  accrued  from  the  barbaroiu  experiments  of  the  Parisian  School 
of  Physiology,  whilst  Bell  actually  arrived  at  all  the  main  facts  in  his  discoveries 
without  any  vivisection  whatsoever  !  In  researches  into  the  motory  powers  of 
nerves,  we  without  exception  proceed  to  much  gpreater  advantage,  and  with  much 
greater  certainty,  upon  the  bodies  of  animals  just  dead— put  to  death  by  hanging, 
poisoning,  or  decapitation.  As  it  is  known  that  those  nerves  which  subserve 
motion  when  touched  with  a  simple  pair  of  galvanic  plates,  cause  contractions  or 
other  motions  in  the  muscles  or  parts  which  they  supply,  we  may  often  legitimately 
infer  that  nerves  which  do  not  produce  any  such  effects,  when  they  are  galvanized, 
are  nerves  of  sensation.  It  may  seem  unnecessary  to  insist  on  the  greatest  care 
and  foresight  in  making  every  experiment ;  but  the  singular  discrepancy  which  is 
notorious  among  experimental  physiologists,  and  the  diversity  of  results  obtained 
and  conclusions  formed  from  precisely  similar  series  of  experiments  in  different 
hands,  ought  to  satisfy  us  of  the  great  liability  under  which  we  lie  of  being 
deceived.  In  all  cases  experiment  ought  to  rest  on  the  broadest  anatomical  basis, 
and  the  results  to  be  contrasted  with  those  of  pathological  inquiries.  Some  excel- 
lent remarks  on  Ohservation  and  E^tperiment  will  be  found  in  Dr.  Marsh.  llalVs 
Critical  and  Experimental  Euay  on  the  Circulaiion,  8vo.  Lend.  1831. 
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Of  the  Nature  of  the  Higher  Nerves  of  Sense. 

§  244.  All  nerves  of  sensation  when  impressed  or  stimulated,  do 
not  give  rise  to  like  sensations.  The  three  higher  nerves  of  sense — 
the  olfactory,  optic,  and  acoustic  nerves,  have  no  sensations  of  plea- 
sure and  pain ;  they  do  not  distinguish  the  relative  temperatures  which 
we  call  hot  and  cold,  etc. ;  they  only  experience,  or  give  rise  to, 
sensations  of  odour,  light,  and  sound.  Stimulation,  or  irritation  of 
the  most  varied  description,  mechanical,  chemical,  electrical,  internal 
organic, — that  which  results  from  congestion,  for  example, — etc, 
excites  only  sensations  of  light  and  colours  in  the  optic  nerve, 
of  sounds  or  noises  in  the  acoustic,  and  of  smells  in  the  oUactory ; 
and  it  is  the  same  in  regard  to  every  one  of  the  special  nerves. 

§  245.  That  the  olfactory  nerve  is  the  seat  of  smell ;  and  farther, 
that  it  has  no  other  function  but  this,  is  altogether  unquestionable. 
Experiments  satisfy  us,  that  it  has  no  fibres  of  common  sensation :  is 
the  nerve  divided,  the  sense  of  smell  ceases  completely ;  but  common 
sensation  remains  in  the  parts  to  which  it  is  distributed^*'.  The 
sense  of  smell  is  sometimes  wholly  wanting  in  men,  otherwise  perfectly 
healthy;  and  in  these  cases,  some  degeneration  or  primary  failure  of 
the  nerve  has  been  discovered  *•*. 

§  246.  Anatomical  and  pathological  observation,  as  well  as 
direct  experiment,  demonstrate  beyond  all  question,  that  the  optic 
nerve  is  exclusively  the  instrument  by  which  sensations  of  vision 
are  excited.  Animals  in  which  the  optic  nerves  are  divided,  imme- 
diately become  blind,  and  remain  so,  although  the  divided  extremi- 
ties of  the  nerves  may  coalesce  and  heal***, — no  trace  of  the 
faculty  of  visual  perception  remains.  The  optic  nerve  irritated  in  any 
way,  the  sensation  excited  is  that  of  light^*  *.   On  the  other  hand,  the 

4  •  a  Magendie  and  Valentin  have  both  perfonned  experiments  upon  animals 
which  irrefragably  prove  this  fact.  The  animals  (rabbits)  remained  quite  tranquil 
after  Valentin's  experiments,  in  which  the  olfactory  nerves  were  divided  with  the 
neurotome ; — they  all  survived  the  injury  done  them. 

**^  The  pathological  cases  that  bear  upon  this  point  have  been  collected  by 
Valentin,  1.  c.  p.  11.  See  farther  under  §  284  et  seq.  where  the  sense  of  smell  is 
particularly  discussed. 

^*^  Here,  therefore,  is  an  exception  to  the  rule  (§239)  according  to  which  the 
function  in  divided  nerves  is  restored  on  their  continuity  being  re-established.  It 
would  seem  as  if  the  same  rule  held  good,  in  reference  to  all  the  nerves  of  special 
sense. 

♦•«  On  this  point  see  the  Chapter  on  Vision. 
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sensibility  remdns  unimpaired  in  all  the  parts  of  the  eye-ball,  and 
in  its  coverings,  after  the  section  of  the  optic  nerves.  Motion 
never  follows  the  irritation  of  the  optic  necves ;  occasionally,  how- 
ever, a  contraction  of  the  pupil  occurs  at  the  moment  that  section 
of  the  optic  nerves  is  performed^  *%  in  consequence,  as  it  appears, 
of  a  reflection  influencing  the  oculo-motorius.  The  contraction 
of  the  pupil  in  question  also  ceases  very  shortly  after  the  division, 
and  it  is  then  as  insensible  to  the  stimulus  of  light,  as  the  retina 
itself. 

§  247.  Direct  experiments  cannot  be  made  on  the  auditory 
nerve  of  living  animals,  by  reason  of  the  depth  at  which  it  is  placed, 
and  the  nature  of  its  coverings.  But  injury,  destruction  by 
abscesses  and  atrophy  of  the  nerve,  occasion  deafness ;  and  internal 
stimuli  and  mechanical  irritation  always  excite  subjective  acoustic 
sensations^  ^'. 

Functions  of  the  Muscular  Nerves  of  the  Eye. 

§  248.  The  opinions  of  physiologists  do  not  seem  yet  completely 
made  up  in  regard  to  the  nature  of  the  muscular  nerves  of  the 
eye.  The  third  pair, — nervus  oculomotorius, — is  certainly  the 
principal  nerve  of  motion  of  the  muscles  of  the  eye;  but  it 
would  seem  to  include  sensitive  as  well  as  motory  fibres.  The 
two  fimctions  are  perhaps  attributes  of  its  external  and  internal 
piin<npal  constituent  portions^  ^''.  The  motory  fibrils  are  distributed 
to  five,  or  even  six  of  the  muscles  of  the  eye.  The  rectus  superior, 
r.  intemus,  r.  inferior,  the  obliquus  inferior,  and  perhaps  also  the  ob- 
liquus  superior^ '^.     The  third  nerve  is  also  the  motory  nerve  of  the 

^•7  Valentin  remarked  it  in  the  dog  and  rabbit 

«  a  *  Vide  on  the  last  point  in  particular  the  Chapter  on  Hearing. 

«••  Vide  Valentin's  Neurology  in  his  ed.  of  Soemmening's  Anatomy ^  p.  325, 
and  De  Fuficttonibui  Nervorum^  &c.,  p.  17.  The  conclusion  that  the  nerve  contains 
sensitive  fibrils  in  considerable  number,  is  based  on  the  observation,  that  rabbits 
in  whom  the  third  pair  is  divided,  even  in  the  interior  of  the  cranium,  give 
indications  of  acute  suffering. 

**°  Contractions  of  all  these  muscles  take  place  upon  irritation  of  the  nerve, 
and  paralysis  upon  its  division ;  ptosis,  or  falling  of  tiie  upper  eyelid,  is  also  a 
consequence  of  its  section.  According  to  Volkmann,  (Mailer's  Arehh,  1S40, 
S.  477,)  when  the  root  of  the  nerve  is  irritated  in  the  calf,  sheep,  and  cat,  con- 
tractions also  take  place  in  the  obliquus  superior,  and  retractoi^bulbi  muscles ; 
and  both  muscles,  as  it  seems,  receive  twigs  from  the  third  pair ;  contractions 
have  also  been  noted  in  the  rectus  externus,  by  tlie  same  observer,  a  fact  which 
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irifi^*' '.  Indirect  or  reflex  motions  of  the  parts  to  which  the  oculo- 
motory  is  distributed,  are  occasioned  by  irritations  of  the  optic 
nerve ;  such  motions  cease  the  moment  the  trunk  of  the  oculomotary 
nerve  is  divided  *•'. 

§  249.  The  foubth  paib — N.  trochlearis  sou  pathetieus  appears 
to  consist  of  motory  fibrils  only ;  the  presence  of  sensitive  fibrils  at 
all  events  is  still  doubtful,  and  in  any  case  they  must  occur  in  very 
small  numbers^ ^'.  Hie  nerve  regulates  the  motions  of  the  supe- 
rior oblique  muscle;  contractions  in  any  of  the  other  muscles  of  the 
eye,  never  follow  irritation  of  its  roots*  •*. 

§•250.  The  motory  function  of  the  sixth  paib— N.  abdu- 
cens — ^is  unquestionable ;  this  has  been  abundantly  proved,  both 
by  pathological  occurrences  and  direct  experiments.  Its  action  is 
restricted  to  the  external  straight  muscle  of  the  eye*'^.  Whether 
it  contains  any  sensitive  fibrils  or  not,  cannot  be  positively  aseer* 
tained;  inasmuch  as  the  passage  of  the  neurotome  necessarily 
implicates  other  parts*". 

Functions  of  the  Fifth  Pair. 

§  251.  The  widely  distributed  fifth  paib — N.  trigeminus — 
upon  the  functions  of  which  we  possess  very  comprehensive  obser- 

is  perhaps  to  be  explained  from  the  accessory  or  strengthening  twig  which  the 
nerve  gives  off  in  the  calf  to  the  fourth  pair. 

^*i  At  the  instant  of  dividing  the  trunk  of  the  nerve,  according  to  Valentin, 
the  pupil  of  the  corresponding  eye  is  powerfully  contracted  ;  that  of  the  opposite 
eye  is  very  commonly  similarly  affected  also ;  by  and  by  the  pupil  dilates  and 
remains  paralysed. 

4  0  9  fhe  motions  of  the  iris  in  man  and  mammalia  are  all  involuntary.  In 
birds,  again,  the  pupil  is  contracted  and  dilated  at  the  will  of  the  animal.  The  iris 
also  receives  motory  fibrils  from  the  sympathetic,  which  act  as  antagonists  to  those 
of  the  oculomotory.  Valentin  thinks  that  the  superior  branch  of  the  oculomotory 
nerve  excites  for  the  major  part  only  voluntary  and  reflex  motions,  whilst  the 
inferior  branch  is  connected  only  with  involuntary  and  reflex  actions. 

«••  Valentin  (Soemmerri ng,  S.  239)  opines  that  this  nerve  contains  very 
few  sensitive  fibrils.  How  difficult  it  is  to  conclude  definitively  on  this  point, 
however,  may  be  seen  by  referring  to  his  De  Funet.  Nerv.,  p.  21.  It  is  very 
difficult  to  make  satisfactory  experiments  upon  the  fourth  pair,  by  reason  of  its 
tenuity,  and  the  depth  at  whieh  it  is  situated.  Animals  cry  out  when  it  is 
divided,  but  ^s  may  be  owing  to  unavoidable  pressure  upon  or  interference 
with  the  N.  trigeminus. 

"♦••  See  Volkmann,  1.  c,  p.  480. 

<••  Paralysis,  or  division  of  the  nerve,  is  followed  by  squinting  inwards,  in 
consequence  of  the  preponderance,  which  now  attaches  to  the  rectus  internus. 

*""  Vide  Valentin,  De  FuncU  Nerv,,  p.  30. 
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vationsy  is  a  mixed  nerve,  a  fact  which  the  anatomical  characters 
at  its  origin  would  lead  ns  to  expect  It  arises  by  a  great  exter- 
nal root,  (portio  major,)  which  still  included  in  the  cavity  of  the 
cnmimn,  expands  into  the  GaMemn  or  eemilunar  gangKon,  and  by 
a  smaller  root,  (portio  minor,)  which  lies  to  the  inrade  of  the  former. 
The  resemblance  which  this  structure  bears  to  that  of  the  spinal 
nerves,  is  obvious ;  but  there  is  this  anatomical  difference  between 
them,  that  in  the  fifth,  the  fibres  &om  the  two  origins  do  not 
intermingle  after  their  conjunction.  In  the  third  branch  of  the 
fifth,  indeed,  there  is  a  greater  resemblance  to  a  spinal  nerve,  for 
here,  the  fibres  from  the  two  sources  do  interlaee  to  a  certain 
extent  at  least. 

lixttle  doubt  now  prevails  in  regard  to  the  functions  of  this 
nerve,  so  accessible  both  to  observation  and  to  experiment ;  the 
slight  differences  that  exist  among  physiologists  refer  to  a  few 
particular  branches  only.  In  conformity  with  the  anatomical 
arrangement,  direct  experiments  and  pathological  oases  satisfy  us 
that  the  greater  posterior  or  ganglionic  portion  of  the  nerve  is 
made  up  of  sensitive  fibrils,  whilst  the  smaller  internal  or  gan- 
glionless  portion  is  made  up  of  motory  fibrils.  The  former  of  these 
roots  obviously  corresponds  with  the  posterior  root  of  the  spinal 
nerves,  the  latter  with  the  anterior  root  of  the  same  nerves. 
The  root  of  the  smaller  anterior  or  ganglionless  pcHrtion  of  the  fifth 
nerve,  when  galvanized  in  an  animal  but  just  dead,  excites  powerfiil 
masticatory  movements  in  the  jaws,  so  that  the  teeth  are  snapped  and 
groimd  together.  When  this  root  is  divided  in  a  living  animal,  the 
lower  jaw  falls, — paralysis  of  its  muscles  is  induced ;  when  the  section 
is  made  on  one  side  only,  the  jaw  loses  its  parellelism,  even  in  a  state 
of  repose,  but  particularly  during  the  action  of  chewing.  The 
branches  of  the  smaller  anterior  portion  of  the  fifth  pair  appear  to 
be  distributed  excl\isively  to  the  muscles  of  mastication ;  the  most 
recent  and  careAil*  observation  seems  to  prove  that  it  has  no  part 
in  the  motions  of  the  cheek,  lips,  or  soft  palate*' '.  Excitation,  or 
stimulation,  whether  of  the  greater  root  of  the  fifth,  or  of  any  other 
cerebral  nerve,  has  not  been  seen  to  excite  motions  of  mastication. 

When  the  greater  or  ganglionic  portion  of  the  fifth  nerve  is 

*^'*  This  from  the  decisive  and  numerous  experiments  of  Volkmann,  Miiller's 
Afch.y  1840.  S.  485.  [Mr.  Mayo  appears  to  have  heen  the  first  who  demonstrated 
the  precise  function  of  the  2d  branch  of  the  5th  pair ;  in  doing  so,  however,  he 
must  be  held  rather  to  have  corrected  an  error  into  which  liis  preceptor,  Bel],  had 
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divided,  aTiimalfl  howl  and  ^ve  extraordinary  indications  of  fiuffer- 
ing  pain ;  and  after  the  operation,  the  int^uments  of  the  forehead, 
temples,  eye-lids,  nose,  mouth,  and  greater  part  of  the  ear,  the 
conjunctiva,  the  mucous  membrane  of  the  nasal  foes®,  of  a  great 
part  of  the  mouth,  and  of  a  portion  of  the  upper  surface  of  the  pha- 
rynx, the  surface  of  the  tongue,  the  teeth,  and  the  gums,  are  all 
deprived  of  sensation,  whilst  the  faculty  of  muscular  motion 
remains  unimpaired. 

With  reference  to  the  particular  branches  of  the  nerve,  the  first 
or  ophthahnic  branch,  appears  to  comprise  sensitive  fibrils  only, 
so  that  its  paralysis,  or  division,  is  followed  by  the  cessation  of 
feeling  in  the  parts  to  which  it  is  distributed— the  nervi  »thmoi. 
dales  are  thus  foimd  to  confer  sensibility  on  the  mucous  membrane 
of  the  nose.  The  second  or  maxillary  branch  of  the  fifth,  also 
includes  sensitive  fibrils  only^^*.  The  sensibility  of  the  infirarorbi- 
tary  subdivision  of  this  branch,  is  most  easily  demonstrated  by 
the  way  of  experiments®^.  The  third,  or  inferior  maxillary 
branch,  the  common  trunk  of  the  lingual  and  dental  subdivisions, 
is  of  mixed  nature,  but  .with  a  decided  predominance  of  sensitive 
fibrils^^^.  The  superficial  temporal  branch  is  not  merely  senidtive, 
as  was  once  believed,  but  contains  a  number  of  motory  fibrils 
derived  from  the  lesser  poition^^\  On  dividing  the  lingual  branch, 
the  sense  of  taste  seems  to  remain  completely  unafiected.  The 
dental  branch  is  of  mixed  nature ;  but  distributes  the  whole  of  its 
motory  fibrils  to  the  mylo-hyoideus  muscle  ^°*. 

been  led  by  his  theoretical  viewSi  than  to  have  taken  an  original  path  and  made  a 
discovery.    See  his  AnaL  and  PhynoL  Comment.,  No.  I.  Aug.,  1822.    R.  W.] 

^»«  This  nerve  gives  off  a  branch  of  communication  to  the  nervus  abducena, 
which  has  a  different  origin,  mostly  from  the  plexus  situated  at  the  back 
part  of  the  inferior  orbital  fissure  (Augenhohlenspalt) ;  more  rarely  from  the 
spheno-palatine  ganglion  (Gaumenkeilbeinknoten),  and  probably  mingles  some 
sensitive  fibrils  with  the  proper  motory  ones  of  the  nervus  abducens.  (See 
Valentin  in  Soemmer.,  S.  564,  and  De  FuneU  Nerv^  p.  25. 

49 •  It  is  extremely  easy  to  make  this  section  in  animals.  This  branch  is 
very  commonly  the  seat  of  the  distressing  and  very  violent  pain  which  is  usn- 
ally  spoken  of  under  the  name  of  He  douloureux;  and  transient  or  more  per- 
manent paralytic  affections  of  the  parts  it  supplies,  in  consequence  of  rheumatic 
or  other  attacks,  are  frequently  met  with  by  the  practical  physician ;  here  the 
sensibility  is  more  or  less  blunted,  or  destroyed,  whilst  the  faculty  of  muscular 
motion  remains  in  aU  its  integrity. 

»oo  Vide  Valentin,  De  Fund,  Nerv^  p.  28. 

*«>  Vide  Valentin,  1.  c. 

^°*  See  farther  on  this  point,  the  observations  on  the  Glosso-pharjmgeal 
">f>rve,  and  en  the  Sense  of  Taste, 
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§  252,  The  great  size  and  extent  of  distribution  of  the  fifth  pair, 
and  its  function  as  principal  nerve  of  feeling  to  the  oi^ans  of  sense, 
give  it  a, peculiar  physiological  importance.  It  is  in  fact  the  nerve 
of  sensation  to  the  nose,  eye,  ear,  and  tongue;  and  in  the  lips^""' 
and  tongue  it  becomes  the  instrument  of  the  special  sensibility^ 
which  is  characterized  as  touch.  It  is  in  close  connexion  with 
many  of  the  mental  emotions ;  it  is  the  link  in  the  act  of  kissing 
as  evidence  of  affection  or  more  material  love,  in  the  blanching 
or  flushing  of  the  cheek  under  such  mental  emotions  as  fean 
rage,  etc.  etc  A  great  number  of  reflex  motions  are  also 
dependent  on  its  actions;  whence  the  peculiar  phenomena  and 
mischiefs  that  ensue  upon  the  atrophy  or  destruction  of  the  whole 
nerve,  or  upon  the  division  or  injury  of  one  or  more  of  its  particu- 
lar branches.  We  have  now  so  ample  a  collection  of  experiments 
and  medical  observations  upon  these  points,  that  the  various  groups 
of  pathological  appearances  encountered  are  susceptible  of  satisfac- 
tory analysis  as  well  as  reference  to  their  true  physiological  causes'^  ^^. 

****  See  farther  on  this  point  the  Section  on  the  Organ  of  Touch. 

'^^  The  most  important  facts  and  experiments,  as  well  as  clinical  observations 
illustrative  of  these  matters,  will  be  found  in  Magcndie  (Joum  de  PhyrioL  exper. 
et  PhyHoiogie).  Vide  Escbricht,  De  Funct  Nerv.  faciei  et  OlfachUy  Havn. 
1826,  [and  particularly  a  paper  by  Mr.  John  Shaw,  nephew  and  pupil  of 
Charles  Bell,  ^*  On  partial  paralysis,'*  in  Trans,  Med,  Chirurg.  Society,  1822; 
also  Bell*s  Essay  on  a  New  Anatomy  of  the  Brain^  1811,  and  his  subsequent 
writings.  R.  W.]  Valentin  has  given  a  masterly  exposition  of  the  principal 
phenomena  in  his  contribution  to  Sdmmerring*s  Anatomy,  of  which  the  following 
it  a  brief  abstract :  After  the  destruction  of  the  sensibility  by  the  division  of  the 
greater  or  ganglionic  portion  of  the  nerve,  no  reflex  motion  occurs ;  the  mucous 
membrane  of  the  nostrils  being  stimulated  by  mechanical  means,  there  is  no 
sneezing;  no  increased  flow  of  tears,  and  no  closing  of  the  eyelids  when  the  con- 
junctiva is  irritated ;  no  augmented  secretion  of  saliva  on  stimulating  substances 
being  taken  into  the  mouth,  &c.  Immediately  after  the  division,  rapid  move- 
ments— ^mostly  contractions — take  place  in  the  pupil,  which  in  the  dog  and  cat 
becomes  extremely  small,  and  remains  so  under  every  variety  of  circumstance. 
With  reference  to  the  changes  that  ensue  in  the  nutritive  processes,  inflammation 
of  the  eye  was  the  first  phenomenon  that  appeared,  being  accompanied  by  in- 
creased secretion  of  mucus,  and  then  by  the  elaboration  of  purulent  matter.  Ul- 
cerations of  the  cornea  next  occurred,  and  then  collections  of  matter  in  the  an- 
terior chamber;  the  cornea  often  gave  way,  and  the  whole  contents  of  the  eyeball 
then  escaped.  Dry  crusts,  meanwhile,  were  formed  upon  the  lips,  and  some- 
times on  the  chin  and  nose ;  in  dogs  the  tongue  often  became  covered  with  a 
thick  fur.  The  same  things  have  been  observed  in  man  ;  but  the  play  of  the 
features  in  expressing  affections  and  passions  remains  uninterrupted ;  of  course 
anything  that  is  brought  into  contact  with  the  paralysed  side  or  part  is  not  felt ; 
the  patient  when  he  drinks  has  the  impression  as  if  a  piece  were  bioken  out  ^ ' 
the  glass  or  cup,  &c. 
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Faded  Nerve  (portio  dura  of  the  Seventh  Pair.) 

§  253.  It  is  through  the  facial  nerve,  (portio  dura  of  the  seventh 
pair,)  that  the  play  of  the  muscles  of  the  face  is  effected;  it  enables 
the  countenance  to  assume  the  varied  expression  characteristic  of 
the  different  affections  and  passions.  When  this  nerve  is  galvanized, 
the  whole  of  the  muscles  of  the  face  and  ear  are  thrown  into  the 
most  active  contractions;  whether  the  muscles  of  the  palate  be 
similarly  influenced  or  not,  has  not  been  exactly  ascertained  ^''\ 
When  this  nerve  is  divided,  as  it  used  to  be  formerly  in  cases  of 
tic-douloureux,  when  the  physiology  of  the  nervous  system  was  less 
advanced  than  it  is  at  present,  paralysis  of  all  the  parts  to  which  it 
is  distributed,  was  the  consequence, — all  character  and  expression 
left  the  countenance  ;^°*  and  the  salivary  glands  poured  out  their 
secretion  less  copiously  than  before.  At  its  root  the  portio  dura 
18  a  pure  motory  nerve ;  but  after  it  emerges  from  the  foramen 
stvlo-mastoideum,  it  receives  a  few  sensitive  fibrils  from  the  fifth 
and  tenth  pairs. 

Glosschpharyngeal  Nerve, 

§  254.  The  views  of  different  observers  are  singularly  divided 
in  regard  to  the  function  of  the  glosso-pharyngeal  portion  of  the 

^^  Valentin  saw  motions  on  one  occasion  in  the  soft  palate ;  but  he  seems 
more  lately  to  doubt  whether  this  was  not  accidental  (Soemmer.  S.  462) ;  Volk- 
mann  (1.  c.)  distinctly  denies  any  such  motions ;  on  irritating  the  root  of  the 
nerve  in  the  calf,  dog,  and  sheep,  he  observed  spasms  in  the  muse,  frontalis,  buc- 
cinator, orbicularis  palpebrarum,  and  orbicularis  oris,  and  farther  motions  of  the 
nose,  of  the  angle  of  the  mouth,  and  of  the  ear, — ^the  attrahentes,  retrahentes, 
and  attolentes,  being  the  muscles  of  the  l9st  named  organ  which  were  influenced 
—of  the  posterior  belly  of  the  digastricns,  of  the  stylo-hyoideus  and  platysma 
myoides ;  he  could  not  perceive  any  motions  in  the  proper  muscles  of  the  ear. 

^^  The  consequences  of  paralysis  of  this  nerve  in  the  human  subject  are  very 
remarkable ;  and  the  idea  of  destroying  it  as  it  escapes  from  the  styloid  hole  in 
cases  of  tic-douloureux  was  a  most  unhappy  one,  (the  operation  was  first  per- 
formed by  Klein  of  Stuttgardt ;  Siebold^s  Chiron^  Bd.  II.  S.  I)  :  the  patient  is 
immediately  made  incapable  of  moving  the  skin  of  his  forehead ;  he  can  no  longer 
close  his  eyelids  completely;  he  cannot  breathe  comfortably  in  consequence  of  the 
collapse  of  his  nostrils ;  he  cannot  spit  or  sneeze ;  the  saliva  distils  from  the  im- 
^rfectly  closed  comers  of  the  mouth ;  the  lower  lip  drops  away  from  the  jaw^ 
in  all  the  various  acts  of  speaking,  eating,  drinking,  &c.  many  difficulties  and 
idiments  are  of  course  encountered.    The  sensibility  of  all  the  parts  remains, 
the  face  is  totally  devoid  of  expreBsion,  whatever  the  mood  of  the  mind. 
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eighth  pMT  of  nerves.  All  otir  atdditioHal  iitfoTmatlon,  however,* 
leads  us  rather  to  regard  it  as  the  principal  of  bb  the  exclusive 
nerve  of  taste,  the  hypoglossal  or  lingual  being  connected  with  the 
motions  of  the  tongue  only,  whilst  the  lingual  branch  of  the  fifth 
confers  conunon  sensibility  and  also  touch,  which  the  tongue 
possesses  in  considerable  perfection,*°\  The  glosso-pharyn'geal, 
which  in  its  course  receives  fibrils  from  the  third  branch  of  the 
fifUi,  from  the  facial  and  from  the  par  vagum,  appears,  in  fact, 
to  be  a  mixed  nerve;  its  anatomy  assures  of  this;  for  in 
man,  mammaEa,  and  birds,  it  very  obviously  sCrises  by  a  dotible 
root,  the  thicker  of  the  two  being  farther  furnished  with  a 
gangHon*°*.  No  kind  of  motion  is  excited  by  stimulating  this 
root  of  the  nerve ;  which  can  be  readily  traced  distributing  its 
fibrils  to  the  papillse  on  the  root  of  the  tongue, — those  papillse 
that  are  endowed  with  the  most  exquisite  sense  of  taste ;  on  stimu- 
lating the  thinner  root  of  the  nerve, — which  by  the  way  is  very 
rea£ly  overlooked — on  the  contrary,  powerful  contractions  are 
excited  in  the  muse,  constrictor  faucium  medius  and  stylopharyn- 

•  o7  The  views  entertained  some  short  time  agol>y  Magendie,  Bell,  Mayo, 
Muller,  Gurit,  and othersr— would  have  led  us  to  regard  the  lingual  branch  of  the 

.  fifth  as  the  proper  nerve  of  taste  ;  but  the  conclusions  of  Panicza,  Valentin,  Hall, 
Broughtoii,  Stasnius,  and  mjrself,  are  in  favour  of  the  glosso-pharyngea^  as  th'e 
medimn  of  thn  sense.  Romberg  styles  it  the  nerve  of  instinetive  taste.  Viib 
fiarHier  on  this  point  the  two  Sections  on  Taste. 

«o6  See  the  inquiries  ofVolkmann,  (Muller's  Jrchht  1840,  S.  488)  to  whom 
we  are  unquestionably  most  deeply  indebted  for  information  upon  the  anatomy 

.  and  motory  function  of  this  nerve.  He  discovered  the  glosso-pharyngeal  to  arise 
by  two  roots  in  man,  the  dog,  cat,  and  calf,  each  of  which  was  readily  resolvable 
with  care  into  two  fiiscicuti  of  radicles ;  the  ganglion — ^which  Volkmann,  however^ 
finds  not  to  be  very  constant,  and  when  present  to  be  but  a  detached  portion  of 
the  ganglion  petrosum — belongs  to  the  thicker  root  Occasionally  single  of 
detBched  ganglionic  cells  are  recognizable  between  the  particular  fibrils  com- 
posing the  roots,  before  they  penetrate  the  substance  of  the  ganglion.  Volk- 
nannV  researched  compel  us  at  all  events  to  admit,'  that  the  combined  radielei 
of  the  i^osso^pharyngeuB  pass  through  the  substaiice  of  the  ganglion,  'and  it 
would  therefore  be  unfidr  to  liken  the  two  roots  of  this  nerve  to  the  double  roots 
of  the  spinal  nerves,  or  to  compare  ita  ganglion,*— the  ganglion  Ehrenritteri — 
with  the  ganglions  of  their  senritive  roots.  This  view  is  calculated  to  arouse  reflec- 
tion ;  for  all  our  researches  into  the  mode  of  origin  of  the  cerebral  nerves  have, 
hitherto,  tended  to  showusmofe  and  more  striking  analogies  to  die  spinal  nerves, 
in  the  particulars  of  course  and  mbde  of  distribution. 


3  E 
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geufl**^".     There  can  be  no  doubt  therefore  of  the  gloeao-pharyn- 
geal  comprising  motory  as  well  as  sensitive  fibrils*  *  **. 

The  Par  Voffum,  (N.  vagm,  N.  pneumogcLstricus). 

§  255.  Next  to  the  fifth,  among  the  cerebral  nerves,  the  Pak 
Vagum  is  that  which  has  the  most  extensive  distribution.  Its 
extensive  ramifications  to  the  most  dissimilar  organs,  and  its  nume- 
rous anastomoses  with  other  nervos,  make  it  very  difiicult  to 
analyse  the  functions  of  this  nerve,  and  mdeed  there  are  still  many 
points  about  it  which  remain  imsettled  or  disputed.  When  the 
law  of  the  distinct  origin  of  the  motory  and  sensitive  fibrils  came  to 
be  generally  received,  many  showed  themselves  disposed  to  regard 
the  vagus  and  accessory  of  Willis,  taken  together,  as  the  analogues 
of  a  single  spinal  pair,  the  vagus  with  its  ganglion  of  course  repre- 
senting the  posterior  or  sensitive  root,  and  the  spinal  accessory, 
the  anterior  or  motory  portion*  * '.  In  this  way  a  mixed  nerve,  very 
similar  to  the  trigeminus,  was  certainly  composed,  and  the  idea 
received  pretty  general  assent  from  physiologists.  The  vagus 
now  came  to  be  almost  universally  regarded  as  a  purely  sensitive 
nerve  at  its  origin,  and  was  held  only  to  receive  motory  fibrils 
from  the  accessory  nerve  in  its  course.  The  groimds  upon  which 
tlus  was  admitted  are  these :  1^/,  In  the  foramen  lacerum  the  nerve 
enlarges  into  a  ganglion,  which  bears  a  strong  resemblance  to  that 
which  occurs  on  the  posterior  root  of  a  spinal  nerve ;  2cf,  No  kind 

«o*  Volkmann  found,  in  his  experiments  on  the  calf  and  cat,  that  stimalation 
of  the  glosso-pharyngeal  excited  contractions  in  these  two  muscles  only,  that  no 
other  nerve  had  any  influence  upon  them,  and  that  the  thinner  root  was  alone 
possessed  of  motory  power.        • 

A 1  o  Dr.  John  Reid  has  given  a  very  good  summary  of  extant  inquiries  upon 
the  structure  and  function  of  the  glosso-pharyngeal  nerve.  On  stimulating  it 
he  observed  that  he  excited  contractions  in  the  pharynx,  and  in  the  muscles  of 
the  lower  part  of  the  face;  he  also  inferred  that  the  nerve  was  endowed  with 
common  sensibility,  inasmuch  as  animals  at  the  same  time  gave  indications  of 
suffering  pain.  (Cydop,  of  AntU.  and  PhtfnoL,  vol.  ii.,  p.  494.) 

*  ^  ^  This  beautiful  theory,  first  propounded  as  it  appears,  by  Goerres,  (Expo- 
sition of  Physiology,  Coblenz,  1805,)  was  maintained  on  anatomical  grounds  by 
Arnold,  (Tiedemann  and  Treviranus*  ZeiUchiift,  iii.  148,)  and  Scarpa,  {AnnaB 
Universali,  1831,)  and  farther  illustrated  by  Bischoff  by  zootomical  researches, 
the  results  of  which  are  consigned  in  his  admirable  little  werk :  Comment,  de 
Nervi  AccessorU  WUlisii  Anatome,  Darmst.  1832.  Miiller,  Graedechens,  Bendts, 
and  Valentin,  add  the  authority  of  their  names  to  the  same  views. 
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of  contraction  or  spasm  of  the  pliar3nix  or  stomach  ensues  when  the 
trunk  of  the  nerve  in  the  neck  is  stimulated,  galvanized,  etc.; 
3d,  It  receives  numerous  filaments  from  the  accessory,  which  is 
acknowledged  to  be  principally  or  exclusively  a  motory  nerve*'". 
We  shall  see  that  the  most  recent  inquiries  proclaim  the  vagus 
as  a  mixed  nerve,  and  that  this  view  is  supported  by  every 
anatomical  and  physiological  consideration^ 

§  256.  It  is  perfectly  certain  that  the  par  vagum  in  mammalia 
at  least,  has  double  roots,  the  greater  number  of  which  enter  the 
ganglion,  whilst  a  smaller  portion  passes  over  it*".  It  is  still 
difficult  to  determine,  however,  whether  all  the  roots  of  the  vagus 
are  not  soon  after  their  exit  penetrated  or  enveloped  by  ganglionic 
masses***.  In  man,  the  vagus  arises  by  numerous  fascicidi  fi*om 
the  niiddle  tracts  of  the  medulla  oblongata ;  and  these  unite  into 
a  common  trunk  which  enters  the  jugular  fossa  of  the  skull.  So 
soon  as  the  nerve  has  passed  through  the  opening  of  the  dura 
mater  which  transmits  it,  ganglionic  globules  are  observed  dissemi- 
nated among  its  fibrils;  these  belong  to  the  jugular  ganglion, 
which  appertains  in  major  part  or  entirely  to  the  vagus,  though  it  is 
difficult  to  say  whether  or  not,  and  to  what  extent,  the  spinal-acces^ 
sory  participates  in  its  formation*'*;  the  posterior  trunk  of  the 
accessory,  at  all  events,  appears  to  be  excluded  from  the  ganglion, 
whilst  a  few  filaments  of  the  glosso-pharyngeal,  of  the  sympathetic, 


^  ^  *  Vide  Miiller'i  Phtftiologyt  where  the  grounds  are  laid  down ;  the  author 
has,  however,  so  far  modified  his  views  in  his  third  edition,  that  he  maintains  the 
vagus,  in  major  part,  to  represent  the  posterior  root  of  a  spinal  nerve ;  hut  that 
it  is  by  no  means  certain  that  this  is  so  in  every  case,  inasmuch  as  one  experi- 
ment seemed  to  proclaim  the  presence  of  motory  fibrils  in  this  root,  and  because 
in  some  animals,  pretty  large  bundles  of  fibrils  pass  from  the  root  over  the  gan- 
glion without  mixing  with  it.  Valentin  holds  the  vagus  originally  for  a  merely 
sensitive  nerve.  (De  Fund.  Nertfor.y  p.  45 ;  and  Soemmer.,  p.  50S.) 

* "  Remak  made  this  observation,  so  important  in  a  physiological  point  of 
view,  in  dogs,  cats,  and  rabbits,  Froriep's  New  Noiixen,  1837,  No.  54.  Volk- 
mann  also  observed  that  a  portion  of  the  root  of  the  par  vagum  passed  over  the 
ganglion  in  the  dog  and  sheep ;  the  union  between  the  two  parts  being  merely 
by  cellular  tissue,  1.  c,  p.  491. 

*  ^  ^  Volkmann  found  ganglionic  masses  betwixt  all  the  numerous  roots  of  the 
vagus  in  the  calf. 

^  ^ '  Vide  on  this  point  Valentin  in  Soemmerring,  p.  482.  He  say^  that  occa- 
sionally there  is  the  appearance  at  least  of  ganglionic  masses  penetrating  into 
the  anastomoses  of  the  accessory.  He  thinks  that  the  arrangement  here  may 
be  different  in  different  individuals. 
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aad  perchauce  of  the  facial  also,  appertain  to  it'^''.  The  accesfiory 
unites  with  the  vagus  during  the  passage  through  the  jugular 
foramen,  beneath  the  opening  of  the  dura  mater ;  the  two  nerves 
now  con^bine,  and  become  inextricably  intisrlaced  and  connected. 
It  had  still  been  doubtful  ifirhether  the  proper  roots  of  the  vagus 
were  purely  sensitive,  or  contained  a  few  motory  fibrils  mixed  with 
them.  Very  recent  inquiries  seem  to  confirm  the  acoqiracy  <^  the 
latter  idea**'.  When  the  nervp  is  divided,  severe  pain  is  always 
manifested*'^;  but  on  stimulating  the  nerve  after  the  division, 
movemen(;s  have  been  observed  to  supervene  in  the  very  numerous 
and  very  various  parts  to  which  the  vagus  is  distributed.  These 
parts  are  the  soft  palate  with  its  aggpregate  muscles ;  the  superior 
and  infe^or  constrictors  of  the  pharynx ;  the  oesophagus  thiougfa 
its  entire  length ;  fhe  stomach,  and  several  of  the  muscles  of  the 
larynx  * '  *•  By  its  speedy  junction  with  the  spinal  accessory,  a 
perve  exclusively  or  almost  exclusively  dedicated  to  motion,  the 
vaga^  becomes  a  thoroughly  mixed  nerve,  and  in  its  entire  subse- 
quent course  leaves  us  ip  no  doubt  as  to  the  two-fold  properties  of 
ifs  fibrils ;  the  nerve  moreover  anastomoses  with  the  cervical  nerves, 
and  with  the  sympathetic. 

^^'^  So  ^ayp  Valentin,  Soemmerriiig,  p.  483. 

*>>  ^  This  is  the  ipferenpe  from  Volkmaim's  experiments,  which  were  instituted 
with  great  care ;  also  from  Stilling's  inquiries,  communicated  to  me  verbally  and  by 
letter,  and  from  my  own  researches,  which  were  repetitions  of  Volkmann's  and 
StiUing's. 

A I  •  Valentin  states,  De  FuncL  Nerv.  p.  45,  that  even  the  slightest  mechanical 
or  chemical  irritation  of  the  divided  root  of  the  nerve  in  the  living  rabbit  causes 
svich  violent  pain,  that  the  animal  cries  out  wofully ;  these  indications  of  suffer- 
ing, however,  do  not  last  so  long  as  after  divisions  ^  the  root  of  the  fifth  pair. 
If  the  nerve  be  irritated  whilst  stiU  connected  w^th  the  brain,  X\ie  ordinary  re^ex 
motions  are  produced. 

^  ^'^  It  is  remarkable,  as  Valentin  infony^s  us  ^presaly,  that  in  the  horse,  dc^r, 
and  rabbit,  no  motions  were  to  be  perceiy§d  either  in  the  pharynx,  cesophagus,  or 
stomach,  nor  in  the  laryns^,  or  trachea.  Volki^nann  divide^  the  roots  of  the 
glosso-pharyngeusi  and  ^ccesso^  nerye  completely,  o^nd  o^erved  motions  in  the 
parts  just  mentioned,  a(  th^  ii^oment  of  dividing  i^nd  irritating  the  several  roots 
in  the  calf,  sheep,  dog,  goat,  and  cat.  He  noted  wrinkj^^s  in  the  mi^^JIfa  of  the 
Imryux.  in  t)ie  cricp-aryteno^^^us  posticus  and  la^ejpaUs  in,  the  cat,  in  the  eiico- 
arytenoideus  posticus  in  the  dog.  Volkmann,  on  the  other  hand,  is  iyclioed  to 
regard  the  motio98  which  were  observed  in  tV  stonxach  as  secondary  only,  in 
as  viuch  ^  this  part  is  obviously  influenced  by  the  powerful]  qoi^trac^ons  of  the 
esophagus  in  the  vicinity  pf  the  cardia.  Stilling  observ^  distinct  motions  li^  the 
oesophagus  and  stomach,  and  rima  glottidis,  on  irritating  the  roots  of  the  v«giu  ; 
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§  257,  The  branebea  of  the  par  yagum  mingled  with  the  nerret 
ah-eady  meatioBedy  extend  to  the  posterior  parts  of  the  head*  to 
the  external  ear  and  auditory  passage,  to  the  oesophagusy  larynx, 
trachea^  thyroid  body,  to  the  heart  and  stomach,  and  still  farther, 
to  the  plexuses  that  surround  the  roots  of  the  great  arteries  that  sup- 
ply the  Tisoera* — the  cosliao  and  superior  mesenteric  in  particular — 
plexuses  from  which  the  whole  of  the  abdominal  viscera  receiye 
nerves*  IlirQugh  the  whole  of  this  extensive  ooiurse,  the  vagus 
appears  to  confer  sensibility :  it  is  the  nerve  of  sensation  to  the 
vocal  and  respiratory  organs,  and  to  the  stomacL  The  sensibility 
here  may  be  spoken  of  as  two-fold  in  its  nature :  it  is  common — it 
excites  in  the  mind  pleasurable  and  painful  sensations ;  and  it  is 
specificy  and  this  is  of  two  kinds, — the  peculiar  sensations  of  hunger 
and  thirst  in  reference  to  the  stomach,  and  of  the  necessity  of 
breathing  in  reference  to  the  lungs,  are  connected  with  it^^°. 

§  258.  With  reference  to  the  functions  of  the  individual  branches 
of  the  vagus,  it  may  be  •  said  that  the  aiuicular  branch  imparts 
sensibility  to  the  external  parts  of  the  oi^an  of  hearing.  The 
oesophageal  branches  are  mixed,  L  e.  they  confer  both  sensation  and 
motion ;  so  are  the  two  laryngeal  branches ;  the  superior,  however, 
is  for  the  major  part  sensitive,  the  inferior  on  the  contrary  is  for 
the  most  part  motory.  When  the  superior  laryngeal  nerve  is 
irritated,  pain,  and  a  slight  tremulous  motion  of  the  mucous  mem- 
brane of  the  larynx  and  chordae  vocales,  which,  however,  has  no 
effect  upon  the  voice,  are  produced  The  division  of  the  recurrent 
nerve  is  attended  with  little  or  no  pain ;  but  it  is  followed  by 
hoarseness,  or  aphonia,  in  as  much  as  the  greater  number  of  the 
laryngeal  muscles  are  inunediately  paralysed*  ** '.  The  other  branches 

aod  T  have  myself,  under  the  same  circumstancesi  seen  progressive  powerfbl 
motions  of  the  stomach,  proceeding  from  the  cardia  towards  the  fundus,  follow 
the  strong  contractions  of  the  ossophagus ;  these  motions  I  could  not  regard  as 
secondary,  or  as  due  to  the  stimulus  of  the  air  upon  the  parts  just  exposed  to  it. 

^^^  It  is  not  nly  purpose  here  to  speak  of  the  categories  of  sensibility,  or  to 
inquire  in  how  far  the  several  primary  nervous  fibres,  or  the  parts  connected 
with  each  of  them  in  the  brain,  stand  related  to  the  greatly  diversified  specific 
sensations  of  pleasure  and  pain,  which,  farther,  according  to  the  particular 
oigans — eueh  as  the  heart,  stomach,  genital  organs,  &c.,  exhibit  the  greatest 
variety  of  shades.    These  points  I  reserve  for  the  General  Physiology. 

**^  On  riiese  experiments  consult  Valentin,  Op.  Cii,,  and  Volkmann.  Tlie 
latter  saw  stroBg  contractions  in  the  cryco-thyroideus  and  constrictor  fhucium 
superhis  in  the  cat ;    and  in  these  muscles,  and  the  hyo-thyreoideus  in  the  dog 
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distributed  to  the  thoracic  viscera,  are  the  sensitive  nerves  of  the 
parts^*'.  Division  of  the  vagus  or  pneumogastric  in  the  neck 
on  one  side,  is  not  absolutely  fatal;  animals  have  survived  the 
operation  for  years*;  when  the  nerve  is  divided  in  the  neck  or 
upper  part  of  the  chest,  on  both  sides,  the  respiration  is  implicated, 
the  necessary  change  in  the  blood  is  arrested,  and  death,  therefore, 
necessarily  soon  ensues.  Division  of  the  nerves  beneath  the  lungs, 
immediately  above  or  below  the  diaphragm,  is  generally  fatal^  if 
not  in  itself,  yet  in  consequence  of  the  injury  done  to  other  parts. 
Divisions  of  the  vagus  in  these  situations,  are  associated  with  par- 
ticular trains  of  symptoms,  all  referable  to  the  impeded  fiinction  of 
the  organ  or  organs  to  which  the  nerve  is  distributed***. 

and  calf,  when  the  superior  laryngeal  nerve  waa  irritated.  On  stiniulating  the 
peripheral  extremities  of  the  vagua,  on  the  contrary,  the  cryco-arytenoideus 
posticus,  and  c.  lateralis,  were  observed  to  contract  most  distinctly.  The 
superior  laryngeal  nerves  being  divided  in  a  young  puppy,  the  motions  of  the 
rima  glottidis  were  found  not  to  be  affected  in  the  least.  In  a  second  animal  of 
the  same  kind,  the  vagus  was  divided  on  both  sides  of  the  neck ;  immediately 
the  rima  glottidis  closed,  and  never  opened  again,  the  action  of  the  recurrents 
being  destroyed. 

*««  According  to  Valentin,  (in  Soemmerring,  p.  509,  and  DeFunct  Nerv,)  pri- 
mary fibres  of  the  vagus  also  run  under  the  inner  membrane  of  the  heart,  and 
there  minister  as  sensory  nerves  to  the  incessant  reflex  motions  of  the  organ. 

BS3  More  particular  details  maybe  found  in  Valentin.  After  division  or 
paralysis  of  both  the  recurrent  nerves,  the  following  symptoms  occur  :  the  larjmx 
becomes  insensible  when  the  injury  is  inflicted  above  the  point  of  origin  of  the 
laryngeal  branches ;  when  it  is  below  this  point,  sensation  remains.  In  either  case 
cough  as  a  reflex  effect  from  the  central  extremity  of  the  nerve  is  apt  to  be  trou- 
blesome ;  the  voice  is  obscured,  hoarse,  or  entirely  suppressed ;  the  sensibility 
of  the  mucous  membrane  of  the  windpipe  is  greatly  diminished  or  wholly 
destroyed ;  the  breathing  is  slower,  and  performed  with  difficulty ;  the  arterial 
blood  grows  darker  and  darker,  and  is  soon  no  longer  to  be  distinguished  from 
venous  blood ;  the  temperature  of  the  body  sinks,  but  rises  again,  at  least  in 
birds,  immediately  before  death  ;  the  contractions  of  the  ventricles  of  the  heart 
become  weaker  and  quicker  immediately  after  the  division  of  the  nerves,  and 
continue  so,  until  through  the  dyspnoea  they  become  intermitting  or  slower.  In 
the  stomach  the  sense  of  hunger  is  annulled ;  but  animals  are  apt  by  and  by  to 
become  voracious,  apparently  from  the  sense  of  satiety  failing ;  the  motions  of 
the  stomach  are  either  greatly  diminished  or  abrogated,  in  consequence  of  which 
the  gastric  juice  does  not  penetrate  the  mass  of  food,  which  in  its  turn  is  very 
imperfectly  converted  into  chyme :  the  chemistry  of  the  stomach,  however,  is 
not  implicated,  and  the  gastric  juice  shows  acid  reaction  as  usual ;  the  power 
of  vomiting  is  not  affected,  the  act  indeed  often  follows  the  operation.  If  the 
nerve  be  divided  on  one  side  only,  or  does  the  animal  live  so  long  as  permits  the 
two  ends  of  the  divided  nerve  to  unite,  the  whole  of  these  dangerous  symptoms 
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The  Accessory  Nerve. 

§  259.  The  accessory,  or  spinal  accessory  of  Willis,  is  gener- 
ally regarded  as  a  pure  motory  nerve.  When  it  is  irritated  or  stimu- 
lated,  no  indication  of  pain  is  apparent*'*,  but  contractions  in  the 
sterno-mastoids  and  trapezii  muscles,  to  which  it  is  principally  dis- 
tributed, invariably  follow*** ;  it  has  farther,  as  it  seems,  a  decided 
influence  upon  the  motions  of  the  heart*".  It  is  still  doubtM 
whether  or  not  the  accessory  has  any  effect  upon  the  motions 
of  the  larynx,  or  of  the  oesophagus  and  stomach.    Very  recent  direct 

may -gradually  disappear;  death  by  asphyxia,  however,  with  or  without  con- 
▼ulaions,  is  very  apt  to  follow  the  operation. 

***  This  is  the  inference  from  the  experiments  of  Bischoff,  upon  the  dog  and 
goat :  De  Nervi  aeceuoru  Anat,  et  Physiol,  Com,,  p.  90 ;  and  of  Valentin  upon 
the  rabbit.     De  Fund,  Nervor,  p.  38. 

**^  Bell  was  of  opinion  that  this  nerve  presided  over  the  automatic  respiratory 
motions  exclusively ;  the  voluntary  respiratory  motions  he  connected  with  the 
spinal  nerves  distributed  to  the  muscles  named  in  the  text.  [Bell's  first  paper 
on  the  nerves  published  in  the  volume  of  Pfuloiopfucal  Tramactumt  for  1821, 
ought  to  be  read.  He  is  much  less  clear  and  precise,  however,  than  might  have  been 
expected ;  and  seems  at  times  absolutely  to  abandon  the  principle  which  has 
since  been  held  his  highest  title  to  distinction  :  viz.  diversity  of  function  in  har- 
mony with  difference  of  origin  in  the  nervous  part,  save  and  except  with  reference 
to  what  he  called  the  symmetrical  and  the  respiratory  system  of  nerves.  He  does 
not  once,  in  the  whole  course  of  this  paper,  allude  to  the  influence  of  the  two  roots 
of  the  spinal  nerves  in  conferring  distinctness  of  office, — to  the  one  as  presiding 
over  motion,  to  the  other  as  ministering  to  sensation.  Overlooking  its  origin 
by  two  orders  of  fibrils,  he  sometimes  speaks  of  the  fifth  as  a  nerve  of  pure 
sensation,  and  then,  but  always  without  alluding  to  the  cause,  he  refers  to  it 
as  a  nerve  conferring  voluntary  motion  and  sensation.  He  had  now  hampered 
himself  with  a  particular  theory — that  of  a  special  system  of  nerves  for  the  pur- 
pose of  associating  the  most  distant  parts  of  the  body  in  certain  actions,  and 
he  will  not  see  the  conclusions  that  lie  straight  before  him,  and  that  flow 
legitimately  from  his  experiments,  but  insists  upon  drawing  other  inferences 
in  harmony  with  his  views,  that  are  utterly  untenable.^For  example,  he  says 
that  division  of  the  infra-orbitary  branch  of  the  fifth,  paralyses  voluntary  motion, 
as  well  as  sensation,  which  it  does  not ;  and  that  division  of  the  portio  dura 
does  not  paralyse  voluntary  motion,  wMch  it  does,  but  only  the  movements  of 
parts  in  harmony  with  the  respiratory  act,  which  is  a  pure  fiction.  Bell  seems 
at  this  time  to  have  forgotten  his  tract  of  1811 ;  he  was  upon  a  false  scent; 
and  appears  only  to  have  been  brought  back  to  the  proper  trail  by  the  Experi- 
ments of  Magendie,  published  in  Aug.,  1822.  R.  W.] 

***  Stimulation  of  the  nerve  in  animals — ^in  rabbits — is  accompanied  with 
increased  action  of  the  heart ;  or  with  restoration  of  the  heart's  action,  if  it  have 
been  suspended.    See  Volkmann,  1.  c.  p.  498. 
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experiments  have  rendered  it  very  doubtfiil  whether  the  accessory 
be  in  fact  the  proper  vocal  nenre,  as  was  very  generally  supposed 
at  one  time.  The  disposition  now  is  to  revert  to  the  older  idea, 
and  to  view  the  vagus  as  endowed  with  this  office"* \ 

The  Hypoglossal  Nerve. 

§  280.  The  ninth  pair— lingual  or  hypoglossal  nekte — 
In  its  mode  of  origin,  shows  the  greatest  affinity  to  the  anterior  or 
motory  roots  of  the  spinal  nerves.  It  arises  by  ten  or  twelve  dis- 
tinct fasciles  betwixt  the  pyramidal  and  olivary  bodies  of  the 
medulla  oblongata,  which  collect  into  a  separate  anterior  and  pos- 
terior bundle.  Occasionally  as  it  would  seem,  but  very  rarely,  a  small 
posterior  root  k  observed  furnished  before  its  escape  from  the 
Granial  cavity  with  an  extremely  minute  ganglion'**.  In  many 
mammalia,  the  posterior  root  would  appear  to  enlarge  regularly 
into  a  ganglion'*^;  a  fact  which  makes  it  anatomically  probable, 
that  the  nerve  in  man,  although  more  particularly  comparable  to 
the  anterior  root  of  a  spinal  nerve,  neverthdess  contains  fibres 
which  are  analogous  to  those  that  proceed  from  the  posterior 
aspect  of  the  spinal  chord,  and  are  ftimished  with  ganglions  at  their 
roots.  Experiment  seems  to  confirm  the  propriety  of  this  condu- 
sion.    When  the  hypoglossal  is  divided  high  up  in  its  course,  little 

**^  Arnold  and  several  others  inferred  from  pathological  observations  that 
the  accessory  was  the  vocal  nerve ;  vide  f  253  and  Annot  and  Amold^s  OUktv, 
en  the  structure  qf  the  Bram  and  Spittal  Chord  (Bemerhmgen  uber  den  Bau  dee 
ffime  und  Rudcenmarke)  Zurich,  1838,  p.  123.  Volkmann's  more  recent,  and  to  all 
appearance  careful,  and  repeated  observations  restore  the  vagus  to  its  proper 
office.  In  his  experiments  on  the  calf,  goat,  dog,,  cat,  and  rabbit,  just  killed,  he 
found  that  powerful  contractions  were  excited  in  the  stemomastoid  and  trapezius, 
when  the  accessory'was  stimulated,  but  that  no  motions  whatever  followed  even  in  the 
bodies  that  were  most  susceptible  of  stimuli,  in  the  soft  palate,  oesophagus  or  larynx, 
which  on  the  contrary  were  noticed  the  instant  the  vagus  was  irritated.  Accord- 
ing to  Valentin,  the  division  of  the  accessory  nerVe  is  followed  by  hoarseness  and 
aphonia,  in  consequence  of  implication  of  the  functions  of  the  laryngeal  muscles; 
and  simple  irritation  of  the  nerve,  besides  increased  action  of  the  heart,  is  ac- 
companied by  movements  of  the  larsmx  and  stomach. 

»••  This  ganglion  was  discovered  by  Mayer,  A?cw.  acL  acad,  LeopoUU  vol.  xvi. 
p.  744,  Tab.  53.)  Bach,  Valentin,  and  others,  have  sought  for  it  subsequently  in 
vain. 

»••  In  the  ox,  hog,  and  dog,  according  to  Mayer. 
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or  no  indication  of  pain  is  apparent ;  such  expressions  of  suffering 
as  have  been  noted,  depend  perhaps  upon  fibrils  derived  from  other 
nerves,  with  which  it  gets  mingled  in  the  ganglionic  plexus  that  is 
encountered  on  its  escape  from  the  cranium.  On  stimulating  the 
posterior  bundles  of  the  hypoglossal  in  the  rabbit,  it  is  found  that 
strong  convulsive  movements  are  excited  in  the  tongue ;  irritation 
of  the  anterior  fasciculi,  on  the  contrary,  is  never  followed  by  any 
thing  of  the  kind**^ 

§  261.  The  hypoglossal  is  the  motory  nerve  of  the  tongue,  and 
guides  the  organ  in  the  various  operations  of  chewing,  swallowing, 
and  articulating  so  often  as  it  comes  into  play  in  the  latter  act 
Upon  these  points  all  observers  agree***.  When  both  hypoglossal 
nerves  are  divided  in  animals,— and  the  division  is  most  easily 
effected  in  the  dog — the  motion  of  the  tongue  is  forthwith  paralysed, 
whilst  the  sense  of  taste  and  common  sensibility  remain.  The 
tongue  lies  motionless  in  the  bottom  of  the  mouth,  or  it  escapes 
mechanically  beyond  the  teeth,  and  cannot  any  longer  be  volun- 
tarily retracted ;  in  chewing,  it  falls  between  the  teeth,  and  getting 
lacerated,  the  severest  suffering  is  occasioned,  without  the  animal 
having  any  power  to  prevent  the  mischief***.  In  man,  the  motions 
of  the  tongue  are  frequently  affected  in  apoplectic  or  hemiplegic 
seizures ;  and  as  a  general  rule,  the  paralysis  occurs  upon  the  side 
opposite  to  that  on  which  the  general  attack  has  fallen.  It  would 
appear  that  the  descending  branch,  (desccndens  noni,)  which  is 
commonly  spoken  of  as  furnished  by  the  hypoglossal,  receives  but 

^*°  Valentin  (Soemmerring,  p.  524)  says,  that  on  dividing  the  nerve  in  the 
dog  and  hone,  high  up,  towards  the  anterior  condyloid  foramen  of  the  occipital 
bone,  little  or  no  evidence  of  pain  is  afforded.  The  indications  of  suffering  which 
Magendie  and  Desmoulins,  Mayo,  Steinriick,  and  others,  observed,  were  pos- 
sibly caused  by  implication  of  certain  commingled  fibres  of  the  pneumogastric  and 
superior  cervical  nerves.  Valentin  performed  the  experiment  on  the  rabbit,  De 
Fund.  Nerv,  p.  39.  That  the  nerve  is  principally  motory  is  the  conclusion  of  all 
observers,  from  Magendie  to  Jo.  M oiler,  Valentin  and  Volkmann  ;  under  the 
influence  of  mechanical  or  galvanic  stimulation,  the  most  powerful  convulsions 
are  aroused  in  the  tongue  from  its  root  to  its  tip. 

**^  Galen  appean  to  have  regarded  the  hypoglossal  as  the  motory  nerve  of 
the  tongue ;  it  Was  Boerhaave  who  in  modern  times  first  upheld  it  as  the  gus- 
tatory nerve.  The  experiments  of  Magendie,  Mayo,  Mitller,  Panizza,  Gurlt, 
Komfeldt,  Valentin,  Volkmann,  and  others,  all  agree  in  demonstrating  the 
hypoglossal  as  the  exclusive  motory  nerve  of  the  tongue. 

»3*  See  Panisza,  Functions  of  the  nerves,  and  Valentin,  1.  c,  on  this  point 
particularly. 

3  P 
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very  few  motory  fibres  from  this  nerve,  inasmuch  as  the  thyro- 
hyoideus  alone,  more  rarely  the  stemo-hyoideus,  is  thrown  into 
convulsions  upon  the  galvanic  stimulation  of  the  nerve;  none 
of  the  other  muscles  upon  which  the  branch  is  distributed  are 
affected**'. 

Of  the  Functions  of  the  Spinal  Nerves. 

§  262.  When  the  posterior  roots  of  the  spinal  nerves  which 
supply  the  hind  leg  of  a  frog  are  stimulated,  we  perceive  no  trace 
of  convulsive  or  other  movement  in  the  limb ;  but  if  we  apply  our 
means  of  stimulation  or  irritation  to  one  or  more  of  the  anterior 
roots,  convulsive  twitches  and  contractions  of  one  or  more  of  the 
muscles  are  forthwith  induced.  If  the  posterior  roots  on  the  right 
side  be  now  divided,  the  right  leg  is  rendered  insensible ;  it  may  be 
pinched,  cut,  burned,  etc.,  without  the  animal  giving  any  indication 
of  suffering  pain.  If  the  posterior  roots  be  left  untouched,  and  the 
anterior  roots  be  cut  through,  the  creature  is  rendered  incapable  of 
moving  its  limb ;  wliich,  however,  is  not  deprived  of  sensation,  for  the 
creature  gives  evidence  of  suffering  pain  when  the  extremity  is  injured 
in  any  way, — it  endeavours  to  escape,  dragging  the  now  motionless 
part  behind  it***.  In  making  this  experiment,  it  is  only  necessary 
not  to  use  galvanism  of  too  great  intensity ;  for  if  this  be  done,  the 
stimulus  is  communicated  from  one  root  to  another, — motion  fol- 

^'*  Volkmann  found,  on  a  microscopic  examination  of  the  descendens  hjpo- 
gloesi,  that  the  fihres  have  not  all  a  course  towards  the  centre,  but  have  obviously 
a  peripheral  origin  to  a  considerable  extent;  it  appears  that  the  fibres  are 
derived  from  the  superior  cervical  pairs ;  physiological  experimentx  confirm 
this  idea.  [If  the  descendens  noni  be  traced  to  its  connexion  with  the  lingual 
ner>'e,  and  examined  with  care,  it  will  be  found  to  be  formed  by  two  filaments, 
one  from  the  lingual,  the  other  of  larger  size,  irom  the  first  and  second  ceryical 
nerves.  Wilson's  Anatomist's  Vade-Mecum^  p.  374.    R.  W.] 

^'^  Frogs  are  the  best  subjects  for  demonstrating  the  difference  of  function 
of  the  anterior  and  posterior  roots  of  the  spinal  nerves ;  they  were  first  used 
for  this  purpose,  and  with  the  most  decisive  results,  by  Muller.  Mammalia 
are  much  less  eligible  :  the  operation  of  exposing  the  spinal  chord  in  them,  is  a 
most  barbarous  procedure,  and  is  always  attended  with  serious  loss  of  blood ;  [the 
fall  of  temperature  that  ensues  is  also  an  important  consideration,]  and  the 
results  that  have  been  obtained  firom  them  are  not  always  so  decisive ;  those  of 
Desmoulins  and  Magendie  left  nothing  but  doubt;  Panizsa  appears  to  have 
been  more  successful.  The  spinal  canal  may  either  be  laid  open  through  its 
entire  length,  or  the  upper  or  lower  portion  only  exposed.  The  different  roots 
are  to  be  carefully  raised  with  the  needle  already  described,  (§  243,)  and  divided 
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lows  when  the  posterior  roots  are  operated  on,  and  indications  of 
pam  ensue  when  the  anterior  are  irritated :  the  galvanic  fluid  of 
any  intensity  is  conducted  from  one  moist  part  to  another,  and  a 
universal  instead  of  a  merely  partial  excitement  is  the  consequence. 
This  is  doubtless  the  source  of  the  discrepancies  that  are  observable 
m  the  results  of  different  experiments*'  *.  It  is  also  very  necessary 
not  to  be  deceived  by  reflex  actions,  which  are  produced  when 
stimuli  are  applied  if  the  roots  of  the  norves  be  still  in  connexion 
with  the  spinal  chord.  In  this  case,  the  irritation  is  apt  to  be 
transferred  from  the  .sensory  roots  to  the  spinal  chord  and  brain, 
and  from  thence  to  extend  to  the  motory  parts,  when  of  course 
spasms  and  convulsive  movements  follow.  The  law  in  regard  to 
the  function  of  the  anterior  and  posterior  roots  of  the  nerves 
arising  from  the  spinal  chord,  as  laid  down  by  BeU,  has  hitherto 
only  been  confirmed  by  every  carefully  performed  experiment*'". 

§  263.  In  man,  and  all  vertebrate  animals,  the  posterior  roots 
of  the  spinal  nerves  are  furmshed  with  ganglia,  over  which  the 
primary  fasciculi  of  the  anterior  roots  pass  without  mixing.  Imme- 
diately beyond  the  ganglia,  the  primary  bundles  of  the  anterior  and 
posterior  roots  blend  together,  and  form  common  trunks,  which  as 
being  of  mixed  nature  themselves,  send  off  branches  and  twigs  of 
mixed  nature  also,  which  penetrate  to  all  parts  of  the  body,  fas- 
ciculi being  supplied  to  the  great  sympathetic,  to  the  muscles,  and 
to  the  skin.  The  principal  masses  of  the  spinal  nerves  are  sensi- 
tive ;  but  they  all  contain  a  larger  or  smaller  number  of  motory 
fibres ;  even  the  branches  supplied  to  the  skin  are  in  this  predicar 

close  to  the  spinal  chord ;  the  roots  are  then  to  be  laid  upon  a  narrow  atrip  of 
thin  glass,  and  stimulated  mechanically,  or  with  the  simple  pair  of  pointed  galvanic 
plates.  Some  little  practice  and  dexterity  are  of  course  necessary  to  lay  hare  the 
chord  nicely  ;  but  with  the  bent  scissors,  or  the  cutting  pliers,  (§  243,)  it  may  be 
exposed  in  the  frog  without  much  difficulty. 

^'^  Seubert  was  misled  in  this  way ;  instead  of  a  single  pair,  he  operated  with 
fifty  pairs  of  plates !  (De  Functione  Rad.  Ant.et  Post,  Nerv,,  1S33,)  and  the  notice 
of  the  dissertation  by  Miiller  in  his  Elements. 

^'*  Volkmann  in  his  generally  excellent  dissertation,  already  so  fVequently 
quoted,  appears  to  hare  come  back  to  the  original  idea  of  [Bell  and]  Magendie, 
▼iz :  that  the  posterior  roots  are  not  exclusively,  although  principally,  sensorial ; 
and  the  anterior  in  like  manner,  whilst  they  are  mainly  motory,  are  not  exclu- 
sively BO.  He  particularly  quotes  an  observation  of  Dr.  Marshall  Hall,  who  saw 
movements  excited  by  stimulating  the  posterior  roots  of  the  spinal  nerves,  in  a 
tortoise  and  a  skate.  These  motions  Miiller  refers  with  propriety  to  reflex 
movements,    j^rchiv  f.  PhysioL  1840,  S.  509. 
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ment,  as  is  made  obvious  by  the  shrinking  and  oorrogatioB  of  the 
integuments  that  constitutes  gooee-^km ;  and  the  muscles,  as  they 
po8sei«s  sensibility,  although  in  a  moderate  degree,  so  must  they 
have  a  few  sensitive  fibres  distributed  through  their  masses.  The 
superior  cervical  nerves  farther  enter  into  combinations  with 
several  of  the  cerebral  nerves ;  their  sensitive  fibres  go  to  the  integ* 
uments  of  the  occiput,  ear,  chin,  and  cheek;  and. they  send  motory 
fibres  to  several  of  the  muscles  of  the  tongue**'.  The  phrenic 
nerve  is  principally  made  up  of  the  rudimentary  fibres  of  the 
fourth  cervical  nerve,  though  it  receives  additions  from  the  second, 
third,  fifth,  and  seventh  cervical  pairs,  as  also  irom  the  glosso- 
pharyngeal, and  in  all  likelihood  also  from  the  vagus.  The  phrenic 
is  evidently  made  up.  of  bundles  from  both  roots  of  the  cervical 
nerves,  and  therefore  contains  sensitive  fibres ;  but  it  is  far  more 
a  nerve  of  motion  than  of  sensation ;  it  is  distributed  almost  exclu- 
sively to  the  diaphragm.  When  the  trunk  of  the  nerve  is  stimu- 
lated in  the  chest,  strong  spasms  of  the  whole  anterior  expansion 
of  the  diaphragm  are  excited^*'.  The  phrenic  is  the  nerve  of  the 
involuntary  respiratory  movements  that  are  effected  by  the  rising 
and  falling  of  the  diaphragm.  But  it  would  seem  that  both  of  the 
phrenic  nerves  may  be  divided  in  animals  without  any  apparent 
immediate  or  more  remote  detriment  to  life*'". 

Of  the  Functions  of  the  Great  Sympathetic, 

§  264.  In  regard  to  the  sympathetic  nerve,  and  its  functions, 
two  mutually  opposed  views  are  at  the  present  time  entertained  by 
physiologists.  One  party,  and  this  has  hitherto  been  the  predomi- 
nating one,  considers  the  sympathetic  as  a  distinct  nervous  system, 
independent,  to  a  certain  extent,  of  the  brain  and  spinal  chord,  and 

**^  The  experiments  of  Volkmann  (1.  c.  504)  have  shown,  that  on  irritating 
the  superior  cervical  nerves,  muscles  were  thrown  into  contractions  which  either 
seemed  to  depend  wholly  on  these  nerves,  such  as  the  sterno-hyoideus,  sterDO- 
thyroideus,  and  others,  or  on  the  eleventh  and  twelfth  pairs  also,  such  as  the 
thyro-hyoideus,  the  stemo-mastoidus,  and  various  others  of  the  neck. 

^**  This  is  one  of  the  simplest  experiments  in  rabbits  and  dogs  particularly, 
and  the  nerve  often  retains  its  irritability  for  something  like  an  hour  after  death. 
I  have  not,  any  more  than  Valentin,  observed  motions  in  the  stomach  and  heart 
to  be  occasioned  by  irritations  of  the  phrenic  nerve. 

^^^  This  at  least  is  the  case  in  rabbits,  according  to  Valentin's  experience: 
De  Funct.  N^v,,  60. 
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comprisefi  it  under  the  special  designation  of  the  obganig  neb- 
vous  SYSTEM**'^.  Besides  its  connections  with  the  brain  and 
spinal  nerves,  from  which  it  receives  fasciculi,  it  is  held  to  include 
peculiar  organic  fibres,  the  existence  of  which,  however,  as  already 
stated,  (§  233  and  Annot)  is  problematical.  The  sympathetic 
appears  much  rather  to  comprise  no  peculiar  or  intrinsic  fibres. 
The  gray  aspect  of  particular  bundles  depends  on  ah  admixture  of 
ganglionic  matter  with  their  fibrils ;  the  dirty  reddish  hue  of  other 
nerves  is  connected  with  the  presence  of  an  unusual  quantity  of 
highly  vascular  filamentous  tissue,  which  often  surrounds  single 
primary  fibres  abundantly.  We  have,  in  fact,  no  evidence  of  the 
existence  of  any  other  than  the  ordinary  motory  and  sensitive 
fibres  in  the  sympathetic,  these  being  derived  from  the  other 
cerebral  and  spinal  nerves,  and  being  plentifully  surrounded  in  the 
different  ganglia  of  the  head,  neck,  thorax,  and  abdomen,  with 
ganglionic  globules  or  cells.  The  primary  fibres  seem  at  most 
only  to  become  somewhat  thinner  in  the  ganglions  than  they  are 
beyond  them,  (§231.)  In  this  view,  consequently,  the  sympa- 
thetic nerve  is  virtually  a  cerebro-spinal  nerve,  and  such  is  the 
light  in  which  it  now  begins  to  be  very  generally  regarded***. 

§  265.  From  recent  investigations,  it  appears  certain  that  the 
sympathetic  receives  twigs  from  the  whole  of  the  cerebral  nerves, 
except  those  of  the  three  higher  special  senses — smell,  sight, 
hearing ;  and  farther,  from  both  the  anterior  and  posterior  roots 
of  the  spinal  nerves  at  large**".  The  primitive  fibrils  of  the  sym- 
pathetic form  plexuses  vrithin  its  numerous  ganglia,  and  have 
numerous  ganglionic  corpuscles  interposed  between  them.     They 

>^^  The  idea  of  the  sympathetic  being  a  distinct  nerve,  was  originally 
broached  by  Soemmerring :  "  it  is  a  nerve  that  exists  independently,  and  is  only 
connected  with  the  cerebral  and  spinal  nerves."  On  the  brain  and  nerves 
{Lehrt  vom  Him  und  Nerven),  2d  ed.,  1800,  p.  322.  Bichat,  again,  is  the  origina- 
tor of  the  doctrine  of  an  organic  system  of  nerves.  The  old  anatomists  con- 
sidered the  sympathetic  now  with  Haller  as  a  cerebral  nerve,  now  with  Petit  as  a 
spinal  nerve.    See  Valentin,  De  FuncL  Nervorum. 

'^^  Valentin  in  particular  is  the  decided  advocate  of  this  simple  mode  of 
regarding  the  sympathetic.  Vide  §  233. 

A*«  The  connections  with  the  cerebral  nerves  appear  to  be  especially  effected 
by  the  medium  of  the  ganglia  of  the  oculomotor,  trigeminus,  facialis,  glosso- 
pharyngeus,  accessorius,  and  hypoglossus;  in  other  words — the  ciliary,  otic, 
sphenopalatine,  petrous,  cavernous,  and  inferior  maxillary  ganglions.  Fibrils 
have  been  detected  proceeding  from  it  to  all  the  cerebral  nerves  save  the  trochlearis. 
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emerge  unchanged  from  the  ganglia,^ ^'  from  which  no  new  or 
particular  fibrils  appear  to  originate. 

§  266.  Comparative  anatomy  brings  many  arguments  in  favour 
of  the  view,  that  the  sympathetic  is  nothing  more  than  a  cerebro- 
spinal nerve.  In  the  cyclostomes  among  fishes,  the  sympathetic 
is  either  wholly  or  in  major  part  replaced  by  the  par  vagum  ;  the 
same  thing  occurs  among  serpents,  in  which,  moreover,  branches 
proceed  directly  from  the  spinal  cord  to  the  viscera.  It  is  a 
remarkable  anatomical  fact  also,  that  in  man  and  the  mammalia, 
the  lachrymal  gland  and  several  other  organs  of  secretion,  such  as 
the  m^^mnriftj  are  supplied  with  nerves  directly  from  the  cerebro- 
spinal system,  not  mediately  from  the  sympathetic***. 

§  267.  The  nerves  which  the  sympathetic  supplies  to  the  viscera, 
are  the  instruments  of  their  sensations  and  motions.  It  is,  for 
example,  easy  to  demonstrate  by  experiment,  that  the  peristaltic 
motions  of  the  intestines  in  the  rabbit,  dog,  and  other  animals,  is 
powerfully  and  permanently  increased  by  the  stimulation  of  the 
solar  plexus,  or  of  any  particular  branch  proceeding  directly  to  the 
intestines***.     By  other  experiments  of  the  same  kind,  the  motory 


^*^  It  was  already  observed  in  the  last  paragraph,  that  the  primitive  jfibrili 
appeared  generally  to  be  somewhat  thinner,  as  if  they  had  become  compressed 
between  the  ganglionic  cells,  a  circumstance  which  would  render  an  anatomical 
or  simple  physical  reason  for  the  influence  of  these  minute  corpuscles  upon  the 
nervous  fibrils. 

^**  [As  knowledge  extends  it  becomes  more  simple  and  less  burthenaome  to 
the  memory.  Well  might  M.  Pibrac  say :  "  Si  nous  etions  debaraas^s  de  toua  noa 
erreurs,  nous  perdrions  une  grande  partie  de  notre  savoir,** — a  sentence  which 
Mr.  Abemethy  used  to  paraphrase  thus  :  "  Increase  of  knowledge,  unlike  other 
growth,  is  of^en  attended  with  a  shrinking  in  the  mass."  We  have  heard  a  good 
deal  about  the  derangements  of  the  ganglionic  system  of  nerves  in  discussing 
diseases  of  late  years ;  it  is  to  be  hoped  that  this  piece  of  scientific  mystification 
will  now  come  to  an  end.    R.  W.] 

^^^  This  is  one  of  the  most  easily  performed  experiments,  and  was  originaUy 
imagined  by  Jo.  Miiller.  The  abdomen  of  a  rabbit  just  killed,  is  opened  as 
quickly  as  possible.  Afler  a  few  seconds,  apparently  from  the  stimulating  effects 
of  the  external  air,  peristaltic  motions  of  considerable  energy  begin,  but  they 
soon  fall  off  in  force,  and  by  and  by  cease  entirely.  If  upon  this  the  coeliac 
ganglion  be  touched  with  a  solution  of  caustic  potash,  powerful  vermicular 
motions  of  the  intestine  commence  forthwith ;  similar  motions  can  be  excited 
in  any  particular  loop  of  intestine,  by  operating  on  the  principal  nerve  which 
supplies  it.  That  these  are  not  reflex  movements  only,  is  evident  from  their 
taking  place  when  the  piece  of  intestine  with  its  mesentery  is  removed,  and  the 
stimulus  is  applied  to  the  nervous  branches. 
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power  of  other  fibres,  and  their  influence  upon  the  viscera,  can  also 
be  shown**" :  the  heart  is  excited  by  stimuli  applied  to  the  inferior 
cervical  ganglion,  and  also,  but  in  a  much  inferior  degree,  by 
irritating  the  superior  thoracic  ganglion^  *\  It  has  even  been  said 
that  the  great  vascular  trunks  of  the  thorax  and  abdomen  have 
been  seen  to  contract  under  the  influence  of  stimuli  applied  to  the 
thoracic  ganglia'^**.  Stimulation  of  the  cervicfd  ganglia  induces 
contractions  in  the  oesophagus;  and  movements  of  the  stomach 
follow  excitement  of  the  four  inferior  cervical  pairs  and  of  the  two 
superior  thoracic  ganglia.  Many  branches  of  the  sympathetic  and 
other  nerves  minister  to  the  motions  of  the  small  intestines**". 
Stimulation  of  the  lower  lumbar  and  superior  sacral  nerves  is  fol- 
lowed by  powerful  contractions  of  the  great  intestines,  urinary 
bladder,  uterus,  and  oviduct.  The  greater  splanchnic  nerve  having 
been  stimulated  in  the  horse,  the  ductus  choledochus  communis 
has  been  seen  to  contract,  and  in  birds  this  fact  is  easily  demon- 
strated^ and  very  remarkable.  In  the  same  way,  motions  have  been 
observed  in  the  ureters,  on  applying  stimuli  to  the  abdominal 
ganglia,  and  to  the  roots  of  the  abdominal  spinal  nerves.  The  blad- 
der receives  its  nerves  principally  from  the  sacral  portion  of  the 


^*^  The  very  satisfactory  and  numerous  experiments  of  Valentin  demonstrate 
this, — De  Fund,  Nerv,  He  repeated  them  on  the  carcases  of  upwards  of  300 
horses,  rahhits,  and  sheep  ;  hut  rarely  on  those  of  dogs  and  cats,  as  in  them  the 
susceptihility  to  stimuli  speedily  ceases. 

**"'  The  heart,  moreover,  Valentin  reports  to  have  heen  powerfully  moved 
on  stimulating  the  cardiac  plexus,  the  roots  of  the  accessory,  and  four  fiist 
cervical  nerves,  and  the  trunk  of  the  vagus  hetwixt  the  larynx  and  thorax ;  the 
greater  number  of  the  motory  fibrils  received  by  the  heart,  appear  to  be  derived 
from  the  vagns. 

^^*  It  is  more  difficult,  Valentin  says,  to  make  sure  of  the  contractions  of  the 
great  vascular  trunks;  the  aorta  of  the  horse  diminishes  in  size,  however,  when 
the  thoracic  ganglia  from  the  third  onwards  are  stimulated.  The  veins  contract 
more  remarkably  but  more  slowly  than  the  arteries ;  Valentin  observed  the  vena 
cava  abdominalis  to  be  drawn  together  when  the  sympathetic  of  the  abdominal 
cavity  was  irritated ;  he  also  noticed  the  thoracic  duct  to  contract  when  the 
thoracic  portion  of  the  nerve  was  stimulated. 

^**  Valentin  observed  increased  motion  of  the  small  intestines  when  the  oculo- 
motor in  the  cat  and  horse  was  irritated ;  no  such  effect  followed  under  the  same 
circumstances  in  the  rabbit  and  dog.  In  animals  generally,  excitement  of  the 
roots  of  the  trigeminus  and  accessory,  and  of  the  dorsal  and  lumbar  nerves,  was 
followed  by  increased  movement  in  the  intestinal  tract. 
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sympathetic ;  the  yas  deferens  and  vesiculte  eeminales,  contract  upon 
the  two  inferior  lumbar  ganglia  being  stimulated  ****. 

§  268.  The  sensibility  of  the  parts  to  which  the  sympathetic 
sends  branches,  is  for  the  major  part  moderate.  Wounds  of  such 
parts  are  accompanied  at  the  moment  with  little  or  no  pain.  But 
many  pathological  phenomena,  for  example,  inflammationB  of  the 
abdominal  viscera,  neuralgias  of  the  same  parts,  the  contractions  of 
the  uterus  during  parturition,  and  of  the  bowels  when  they  contain 
flatus  or  some  undigested  matter,  mechanical  irritations,  such  as 
stones  lodging  in  the  pelvis  of  the  kidney,  or  in  the  bladder,  or 
passing  down  the  ureters,  etc.,  give  us  ample  assurance  that  the 
sensibility  upon  occasion  may  reach  a  high  pitch  of  intensity. 
Direct  experiments  upon  animals  show  similar  phenomena.  £ven 
when  slight  mechanical  or  chemical  stimuli  seem  to  produce  no 
pain,  animals  nevertheless  cry  out  lustily  when  more  powerful 
means  of  irritation  are  resorted  to,  such  as  caustic  alkali,  smart 
pinching,  the  application  of  ligatures,  etc  It  would  appear,  too, 
that  a  ganglion  becomes  always  the  more  painful  the  longer  it  is 
exposed  to  the  air ;  and  &rther,  that  fibrils  which  proceed  from 
gangliform  plexuses,  are  not  affected  by  slight  stimuli  so  readily  as 
those  that  enter  them***. 

§  269.  If  we  agree,  then,  that  the  sympathetic  in  general  per- 
forms the  functions  of  the  cerebro-spinal  nerves  at  large,  we  must 
still  admit  that  it  exhibits  numerous  peculiarities.  It  not  only 
extends  over  all  the  vegetative  organs  of  the  abdomen,  and  in  part 
also  of  the  thorax,  but  by  its  fibrils  detached  from  the  ganglia,  it 
accompanies  the  great  blood-vessels  in  their  course,  and  with  these 
penetrates  every  part  of  the  body.  In  its  motory  as  well  33  in  its 
sensitive  ftmctions,  it  also  exhibits  essential  modifications:  the 
motions  of  the  parts  to  which  it  is  distributed  are  abstracted  firom 
the  empire  of  the  will.  These  involuntary,  and  in  the  healthy  state 
unconscious,  motions  extend  to  the  most  remote  structures  with 
which  it  is  in  communication,  by  means  of  ganglia,  such  as  the  iris, 
for  example.  Reaction  upon  stimulation  generally  lasts  longer  than 
the  stimulus,  which  is  exactly  the  reverse  of  what  happens  in  refe- 
rence to  the  muscles  of  voluntary  motion,  when  the  reaction  so 

**°  The  data  so  far  are  derived  from  Valentin,  to  whom  we  aic  indebted  for 
by  much  the  most  extensive  and  accurate  series  of  experiments  that  has  ever  been 
performed  on  the  points  referred  to. 

»« »  Vide  Valentin,  De  PuwU  Nerv.  p.  70. 
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constantly  ceases  before  the  stimulus  is  removed.  The  sensibility, 
as  already  observed,  is  extremely  slight  in  the  healthy  state.  The 
oondaction  from  the  peripheral  to  the  central  parts,  has  therefore 
undergone  a  manifest  alteration,  and  even  partial  interruption,  as 
it  would  seem.  The  central  parts  receive  no  impressions  from  the 
organs  which  are  supplied  with  nerves  from  the  sympathetic ;  and 
they  have,  farther,  no  power  of  controlling  the  motions  of  these 
organs.  These  remarkable  effects  can  only  be  referred  to  the 
influence  of  the  ganglions. 

Retrotpect  of  the  Functions  of  the  Nerves. 

§  270.  When  we  survey  the  iunctions  of  the  several  nerves  in 
their  connections,  and  with  an  eye  to  their  anatomical  origin  and 
peripheral  distribution,  we  perceive  certain  general  characters, 
which  are  referable  to  a  small  number  of  capital  divisions.  \st^  The 
three  nerves  of  special  and  higher  sense  differ  in  structure,  origin, 
evolution,  distribution,  and  function,  from  all  the  rest***.  2rf,  It 
appears  that  all  the  cerebral  nerves,  with  the  exception  of  these 
three,  consist  of  intermingled  motory  and  sensitive  fibrils.  3^,  The 
common  cerebral  nerves  unite  in  part  with  the  nerves  of  special 
sense  as  complementary  to  them,  and  supply  them  or  the  organs 
on  which  they  are  distributed  with  sensation  and  motion.  4f  A,  The 
cerebral  nerves  also  comprise  fibrils  endowed  with  what  may  be 
called  special  senses — certain  kinds  of  taste,  hunger,  thirst,  [the 
necessity  of  taking  breath,]  etc. ;  or  the  general  sensibility  is  mani- 
fested by  them  with  peculiar  delicacy  and  acuteness  (the.  fifth  pair.) 
5^A,  The  several  cerebral  pairs  distribute  their  motory  fibrils  to 
particular  muscles,  or  groups  of  muscles,  the  voluntary  or  automatic 
motions  of  which  they  controul.  As  a  general  rule,  too,  every 
muscle  of  the  head  derives  its  motory  power  from  one,  not  from 
two  cerebral  nerves.  The  muscles  of  the  eye  seem,  however,  to 
form  an  exception  to  this  rule**'.     6^A,  The  prototype  of  the  mode 

^^*  The  chapter  on  the  more  intimate  ■tracture  of  the  nerves  and  organs  of 
•ense  may  here  be  referred  to  again. 

^^'  This  particularly  appears  from  Volkmann's  researches.  Several  muscles 
of  the  tongue  (and  the  iris)  receive  motory  fibres  from  nerves  of  the  spinal  chord 
*8  Well  as  from  nerves  of  the  brain,  which  renders  the  implication  of  the  speech, 
*o  common  in  affections  of  the  spinal  chord,  more  comprehensible.  Vide  Volk- 
»nann,  in  Muller's  Archiv,  1840,  S.  608. 

3  G 
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of  origin  of  the  cerebral  nerves  by  distinct  roots,  exists  in  the 
spinal  nerves,  in  which  double  roots,  having  different  iiinctions, 
one  set  furnished  with  a  ganglion,  the  other  not  so  furnished,  are 
regularly  observed ;  in  the  cerebral  nerves  the  mode  of  origin  by  a 
two-fold  set  of  roots,  and  the  existence  of  a  ganglion,  are  to  be 
traced  with  greater  or  less  distinctness  in  reference  to  different 
nerves;  sometimes  they  are  merely  indicated.  Ithy  The  sympa- 
thetic derives  its  motory  and  sensitive  fibrils  from  the  cerebral  and 
spinal  nerves ;  its  fimction,  however,  is  peculiarly  modified,  some- 
times contracted,  if  the  term  may  be  used,  by  the  influence  apparently 
of  the  ganglionic  corpuscles.  8^A,  The  more  anteriorly  the  nerves 
arise,  the  more  they  are  connected  with  the  cerebrum,  the  greater 
is  die  proportion  of  special  sensitive  fibrils  which  they  contain,  the 
more  truly  cerebral  is  their  structure,  circumstances  that  are 
particuhurly  apparent  in  the  first  and  second  pairs. 


SECTION  THE  SECOND. 

OF  THE  SENSES. 

Of  the  Senses  in  GenerdL 

§  271.  From  the  general  peripheral  nervous  system,  as  the  agent 
or  medium  of  conunon  sensation,  certain  individual  portions  are 
fashioned  into  organs  of  special  sensation,  which  make  us  acqu^ted 
either  with  the  state  of  our  body,  and  with  the  existence  and 
qualities  of  objects  beyond  us ;  in  other  words,  they  establish  rela- 
tions between  the  brain  as  the  central  organ  of  perception,  and  the 
material  imiverse  and  its  properties.  By  means  of  these  organs 
we  acquire  those  specific  sensations,  or  capacities  of  being  peculiarly 
impressed,  which  we  designate  touch,  taste,  smell,  heabikg, 
and  SIGHT.  Certain  nerves  are  susceptible  of  these  specific  sensa- 
tions only,  and  these  we  name  particularly  nerves  of  sense. 
Their  nature  has  already  been  discussed  in  a  general  way,  (§  244.) 
Here  I  propose  to  speak  of  them  more  at  length. 
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We  cannot  say  that  we  perceive  the  sensible  qualities  of  things, 
each  as  colour,  sound,  etc,  as  such ;  we  are  only  aware,  by  our 
consciousness  or  percipient  part,  of  the  specific  excitement  of  the 
nerve  of  sense  that  has  been  occasioned  by  the  external  force  with 
which  it  is  in  relation.  The  same  thing  is  true  likewise  of  the 
internal  organic  excitements.  But  certain  classes  of  the  qualities 
of  matter  stand  in  a  specific  relationship  to  particular  nerves,  affect 
them  most  powerfully,  and  occasion  diversified  phenomena;  whilst 
other  qualities,  again,  only  act  as  stimuli  in  general,  and  give 
rise  to  more  or  less  limited  reactions  in  particular  nerves  in  the 
direction  of  their  appropriate  energies.  Such  a  quality,  for  example, 
is  light  in  reference  to  the  eye,  which  is  admirably  organized  for 
the  perception  and  discrimination  of  luminous  undulations  of  all 
kinds ;  but  the  optic  nerve  when  stimulated  in  any  other  way, — 
by  pressure,  galvanism,  etc,  still  experiences  a  subjective  impres- 
sion of  light,  not  any  impression  of  pain,  such  as  is  excited  in  an 
ordinary  sensitive  nerve,  or  any  spasm,  such  as  takes  place  in  the 
mnsde  to  which  a  motory  nerve  is  distributed***. 

§  272.  We  divide  the  senses  into  simple  and  compound ;  the 
simple  senses  are — touch,  taste,  smell.  We  have  no  special 
physical  apparatus  formed  upon  or  connected  with  the  nerves  of 
any  of  these  senses ;  their  nerves  penetrate  the  tissues,  like  the 
generality  of  the  nerves,  and  seem  to  undergo  very  unimportant 
alterations  in  the  peripheral  expansions  of  their  primitive  fibrillae. 
These,  however,  lie  very  superficially,  and  are  only  covered  with  very 
thm  epidermic  or  epithelial  laminae,  by  which  the  impressions  of 
external  agencies  are  enabled  to  reach  them  with  the  least  impedi- 
ment. The  compound  senses  are  sight  and  heabing  ;  associated 
with  the  nerves  of  which  we  have  apparatuses  of  great  perfection, 
and  delicacy  of  structure,  perfectly  adapted  to  receive  and  com- 
municate the  physical  qualities  with  which  they  are  in  relation,  in 
all  their  varieid  forms***. 

*»*  The  general  pbysiology  of  the  senses,  their  relations  to  the  soul  as  well  as 
to  the  external  world,  the  questions  of  the  internal  nature  of  the  subjective 
sensations  to  the  physical  qualities,  will  first  become  appreciable  after  we  have 
analysed  the  individual  phenomena  of  sense,  and  the  functions  of  the  central 
parts.  We  defer  these  considerations,  therefore,  till  we  come  to  the  General 
Pbysiology,  where  the  history  and  critical  review  of  the  various  opinions  upon 
the  subject  will  also  very  appropriately  find  a  place. 

^^*  In  the  following  paragraphs  we  shall  analyse  the  phenomena  of  the  indi- 
vidual senses,  commencing  with  the  most  simple,  and  taking  as  frequent  occasion 


5ii^0  OF    THE    THR££    SIMPLE   SENSES. 


CHAPTER  I. 

OF  THE  THREE  SIMPLE  SENSES. 

Of  Touch. 

§  273.  Common  sensation  makes  us  acquainted  with  the  form, 
temperature,  weight,  and  cohesion  of  bodies, — it  is  the  sense  that 
is  in  relation  with  the  mechanical  conditions  of  things  and  with 
temperature.  The  capacity  to  recognize  external  impressions  inher- 
ent in  all  the  nerves  of  common  sensation,  is  exalted  into  touch  in 
particular  situations,  its  acuteness  being  greatly  influenced  by  the 
mode  of  distribution  of  the  nerves,  and  the  nature  of  the  tissue  in 
which  it  takes  place.  Tissues  which  have  few  nerves,  and  these  of 
small  size,  such  as  the  cornea,  the  teeth,  etc,  are  without  sensation, 
or  they  seem  to  have  sensation  only  in  consequence  of  conducting 
the  stimuli  which  act  on  them  to  other  neighbouring  parts***. 
All  other  parts  of  the  body  besides  are  susceptible  of  mechanical, 
chemical,  and  other  kinds  of  stimuli.  Tendons,  cartilages,  and 
bones  which  only  receive  nerves  from  those  branches  of  the  sympa- 
thetic that  accompany  the  blood-vessels,  possess  sensibility  in  the 
lowest  degree ;  these  parts,  however,  as  is  well  known,  become 
possessed  of  very  acute  sensibility  under  certain  circumstances, 
when  they  are  affected  with  inflammation,  for  example,  like  all  the 
other  organs  supplied  by  the  great  sympathetic  **'.  The  muscles, 
too,  have  but  little  sensibility :  a  condition  which  depends  on  the 

as  possible  to  refet  to  the  mutual  influence  of  the  several  senses.  A  very  com- 
plete literature  of  the  organs  of  sense  may  be  found  in  the  works  of  Treviranus, 
particularly  the  sixth  volume  of  his  Biology ,  and  his  Phenomena  and  Law9  qf  Or- 
ganic Life,  vol.  ii,  and  also  in  the  Elements  of  Rudolpbi,  MUller,  Magendie,  and 
Arnold.  Among  plates,  the  well  known  ones  of  Soemmerring,  and  the  recently 
published  very  admirable  leonei  Anatomies  of  Arnold,  Fasc.  ii.  are  the  best. 

^**  A  well  known  unpleasant  sensation  is  what  b  called  the*setting  on  edge  of 
the  teeth  under  the  influence  of  acids ;  the  impressioni  however,  is  not  perceived 
by  the  enamel  of  the  teeth,  but  is  conducted  by  this,  to  the  nerves  of  the  pulp, 
which  are  derived  as  we  have  seen  from  the  fifth  pair. 

*^^  Haller  long  ago  demonstrated  the  insensibility  of  the  healthy  bones  and 
tendons,  to  wounds  and  injuries,  by  experiments  on  man  and  animals,— vide 
Commentar,  Oottingenses,  T.  ii,  1752,  and  Element,  Phffsiol«g.f  T.  iv,^p.  276. 
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eparing  admixture  of  sensitive  with  their  numerous  motory  fibrils^ 
although  it  would  appear  that  all,  even  the  most  purely  muscular 
nerves,  such  as  those  of  the  eye»  have  sensitive  fibrils  in  small  num- 
bers mingled  with  them,  (§  248-250.)  In  attacks  of  cramp  in  the 
calf  of  the  leg  and  other  parts,  we  are  made  aware  that  inordinate 
or  abnormal  contractions  of  the  muscular  fibre  may  be  accompanied 
with  very  severe  sufiering ;  and  on  the  other  hand,  the  rhythmical 
contractions  of  the  ejaculatory  muscles  are  attended  by  pleasurable 
aensations  of  the  most  peculiar  and  intense  description,  (§  37.) 
The  most  sensitive  parts,  however,  after  the  general  external  sur- 
face, are  the  mucous  membranes  at  large, — of  the  nose  and  mouth, 
of  the  aii^passages,  intestines,  and  urethra. 

$  274.  Of  all  the  senses,  touch  is  the  most  extensively  diffiised 
throughout  the  animal  kingdom'^^'.  Even  among  the  invertebrata 
we  observe  certain  organs,  plentifully  supplied  with  nerves,  which 
aerve  as  true  organs  of  touch,  and  which  in  the  annellidans,  mol- 
luscs, crustaceans,  arachnidans,  and  insects  are  designated  as  ten- 
tacula,  palpi,  antenna,  etc  Among  vertebrata,  again,  where  the. 
skin,  from  fishes  onwards  to  the  very  highest  manmuds,  is  so  con- 
stantly covered  with  homy  or  epidermic  structures  in  the  shape  of 
scales,  feathers,  and  hair,  and  where  the  extremities  of  the  toes  are 
occufMed  by  nails,  claws,  and  hooves,  the  fifth  appears  to  take  the 
lead,  and  often  to  stand  exclusively  as  the  nerve  of  touch.  The 
lips,  nose,  and  snout  or  proboscis,  and  the  strong  hairs  that  so 
frequently  grow  from  the  upper  lip  and  comers  of  the  mouth,  are 
all  plentifiilly  supplied  with  nerves  from  the  inirarorbitory  branch 
of  the  fiftl^  and  serve  the  lower  animals  as  special  organs  of 
touch^^".  In  all  the  soft-billed  water  birds,  as  in  the  duck  and 
snipe  tribes,  large  branches  derived  from  the  fifth  are  ramified 
under  the  soft  skin  of  the  beak ;  the  same  thing  occurs  in  regard  to 
the  beard  or  processes  about  the  mouths  of  fishes.  In  cases  where 
the  point  of  the  tongue  serves  for  an  organ  of  touch  and  prehen- 
sion, as  it  does  in  many  amphibia  and  in  mammals,  the  faculty  of 
touch  is  conferred  by  the  fifth  pair. 


^^*  It  would  seem  that  even  the  infusoria — the  vorticells  in  particular,  and 
the  polypes  possess  the  sense  of  touch,  although  hitherto  no  one  has  discovered 
the  nervous  system  o^these  creatures. 

^^"  For  many  interesting  details,  see  the  work  of  Rapp,  on  the  functions  of 
the  fifth  pair,  [Die  Verrichtung  des  Funften  Nervenpaares,  Leipz.  1832). 
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$  275.  In  man  the  power  of  perceiving  tactile  impresrions  is 
extremely  different  in  different  parts  of  the  surface,  a  circumstance 
which,  though  it  may  in  some  measure  depend  on  the  extent  of 
nervous  endowment,  and  partly  on  the  thickness  or  thinness  of 
the  cuticular  covering,  is  probably  in  more  immediate  relationship 
with  the  specific  susceptibility  of  the  nervous  fibrils  distributed  to 
particular  spots*  •°.  With  the  exception  of  the  nerves  of  the  three 
higher  senses,  however,  the  whole  of  the  spinal  and  cerebral  nerves 
comprise  fibrils  that  are  susceptible  of  the  ordinary  tactile  impres- 
sions. In  the  lips,  the  tip  of  the  tongue,  and  the  pahnar  aspect  of 
the  last  joiat  of  the  fingers,  the  nerves  are  both  very  numerous  and 
superficially  distributed,  and  whilst  the  epidermic  layer  is  thinner, 
there  is  at  the  same  time  a  greater  degree  of  isolation  of  the  papills 
of  the  skin,  between  lines  and  furrows  of  the  epidermis.  The 
tactile  papUlflB  are  small  conical  projections  of  about  half  a  line  in 
diameter,  situated  betwixt  the  cut^icle  and  the  more  compact  fibrous 
layer  composing  the  corium.  They  consist  principally  of  convo- 
lutions of  vessels  and  nervous  loopings ;  by  their  bases  they  appear 
connected,  but  they  are  still  divided  by  fuirows  and  lines,  and 
transpierced  by  the  canals  of  the  deeper  lying  sudoriparous  glands, 
(Fig.  CLXXXIX.)  The  primitive  fibrils  of  the  nerves  are  not  so 
simple  in  their  peripheral  terminal  loopings  here,  as  they  are  generally 
(§  232) ;  for  each  primitive  fibril  in  forming  a  loop  is  at  the  same 
tune  convoluted  iato  a  little  balL  A  vast  number  of  such  balls  are 
often  found  arranged  rosette-wise  and  in  lines,  with  the  obvious 
effect  of  extending  the  surface  displayed  by  the  primitive  fibrils, 
and  so  multiplying  the  points  of  contact' '  \ 

§  276.  Various  experiments  may  be  tried  to  prove  the  greater  or 
less  susceptibility  to  impressions  of  different  parts  of  the  skin  imder 
different  circumstances.  The  impression  is  always  stronger  as  the 
surface  expo^  to  it  is  greater,  a  fact  which  may  at  once  be  ascei^ 
tained  by  plunging  a  single  finger  of  one  hand  and  the  whole  of  the 

*^^  Arnold  has  given  good  delineations  of  the  tactile  papillsB  in  his  Jeomes 
AnatomiciB^  Fasc  ii.  Tab.  xii. 

^•1  This  interesting  relation  of  the  convoluted  terminal  loops  of  the  nerves  of 
the  skin,  which  bear  the  closest  resemblance  to  the  glomeruli  of  blood-vessels,  was 
first  described  by  Gerber.  Vide  his  GtneraJ  Anatomy,  Gerber  recommends  us  to 
steep  the  slices  of  cutis  that  are  intended  for  examination  in  oil  of  turpentine, 
before  placing  them  under  the  microscope,  a  mode  of  preparation  which  makes 
the  nerves  milk-white. 
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other  hand  mto  water,  dther  of  a  higher  or  lower  temperature  than 
that  of  the  body '^  *  *•  Double  or  multiplied  impressions,  also,  always 
occasion  double  or  multiplied  perceptions  in  the  mind, — we  have  a 
perception  in  reference  to  each  half  of  the  body,  and  to  every  finger 
that  grasps  an  object.  The  following  general  phenomena  are  re- 
cognised when  the  perception  of  tactile  impressions  by  the  skin  is 
analysed :  the  skin  moistened  feels  less  acutely  than  it  does  when 
dry^'* ;  warmth  in  general  augments  the  susceptibility  of  the  skin ; 
cold,  on  the  contrary,  lessens  it**\  Adds  applied  to  the  skin  at 
first  increase  the  keenness  of  touch ;  but  they  afterwards  diminish  it. 
Narcotic  substances,  when  by  imbibition  they  are  brought  into 
contact  with  the  nerves,  blunt  the  acuteness  pf  touch. 

§  277.  The  experiments  by  which  the  degree  of  tactile  suscepti- 
bility possessed  by  different  parts  of  the  skin  may  be  proved,  are 
interesting  and  easily  repeated.  It  is  only  necessary'  to  take  a  pair 
of  compasses  and  to  approximate  or  separate  the  points  until  the 
mind  loses  or  acquires  the  consdousness  of  a  double  impression. 
When  the  tip  of  the  tongue  is  tried,  the  double  impression  is  di£h 
tinct  when  the  points  are  not  more  than  half  a  line  apart ;  whilst  in 
the  skin  covering  the  upper  part  of  the  arm,  the  thigh,  and  the 
niiddle  of  the  back,  the  points  must  be  separated  thirty  lines  before 
the  mind  becomes  aware  of  a  double  impression'^  "^.     In  the  ex- 

aes  See  on  this  topic  the  important  concluflions  of  Weber,  contained  in  his 
work  entitled :  De  Puisu,  Retpkatume  AudUu  et  Taeiu  AfmotaUonetf  4to,  Lips., 
1834.  The  ezperimenta  referred  to  were  repeated  and  confirmed  by  Thomson, 
Valentin,  and  myself.  Valentin  has  given  some  interesting  additions  in  his 
tract :  De  Nerv,  FvncL,  p.  118,  &c. 

^**  On  this  and  the  foUowing  phenomena,  see  Valentin,  Op.  CU.,  p.  121. 

^^^  This  seems  to  depend  principally  upon  the  locally  increased  or  diminished 

afflux  of  blood. 

***  See  the  interesting  table  of  Weber  in  the  work  above  quoted,  and  in 
MvUler't  ArchiVf  1835,  p.  154.  Dr.  Allen  Thomson  in  Edinb,  Med,  and  Surg.Jaum., 
No.  116.  llie  separation  of  the  compass-points  to  produce  two  impressions,  was 
as  under :  on  the  tip  of  the  finger  1  line;  on  the  red  part  of  the  lip  2  lines;  on 
the  palmar  aspect  of  the  second  joint  of  the  finger  2,  and  on  the  opposite  aspect 
3  lines ;  on  the  tip  of  the  nose  3  lines ;  on  the  dorsum  of  the  tongue  and  skin  of 
the  lips  4  lines ;  on  the  point  of  the  great  toe,  on  the  cheek,  back  of  the  second 
joint  of  the  finger,  and  middle  of  the  palm  5  lines ;  on  the  hard  palate  6  lines ; 
over  the  zygoma  7  lines ;  on  the  back  of  the  wrist  8  lines ;  on  the  inner  aspect  of 
the  lips  9  lines ;  on  the  forehead  10  lines ;  on  the  occiput  12  lines ;  on  the  back 
of  the  hand  14  lines ;  on  the  neck  under  the  chin  15  lines ;  over  the  patella  and 
in  its  ndghbourhood  16  lines;  over  the  sacrum  18  lines;  on  the  sternum  18 
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tremities  the  double  impression  is  more  easily  detected  when  the 
points  are  applied  transversely  than  lengthwise***.  The  delicacy 
of  touch,  as  of  all  other  kinds  of  nervous  impressibility,  is  much 
greater  in  some  individuals  than  in  others ;  it  may  be  twice  as  deli- 
cate in  one  as  in  another'^^ \  In  a  general  way  it  may  be  said  that 
the  fineness  of  touch  in  the  most  sensible  parts,  such  as  the  tip  of 
the  tongue,  is  from  fifty  to  sixty  times  greater  than  in  the  least 
sensible  parts,  such  as  the  back  and  limbs.  Instead  of  using  com- 
passes, analogous  experiments  may  be  tried  on  ourselves  and  others 
by  means  of  weights,  these  being  phioed  upon  different  parts,  and 
the  impressions  compared*  The  results  are  the  same.  Weights, 
however,  must  be  judged  of  by  the  nerves  of  the  skin  and  muscles 
acting  simultaneously^ ""  *. 

§  278.  Touchy  like  all  the  other  senses,  can  be  improved  and  ren- 
dered more  acute  by  exercise  or  education '^*^  When  we  would 
particularly  inform  ourselves  in  regard  to  tactile  impressions,  we 
fix  our  attention  firmly  upon  the  object  examined,  and  at  the  same 
time  make  various  movements  in  order  to  bring  the  greatest  pos- 
sible number  of  cutaneous  papillss  into  contact  with  it.  This  ex- 
amination with   attention,  accompanied  by  muscular  movements. 


lines ;  over  the  lumbar  vertebrs  24  lines ;  over  tbe  middle  of  the  humenis  and 
of  the  thigh,  and  also  in  the  middle  of  the  back  according  to  Valentin,  80  lines. 

«••  Valentin,  1.  c.  p.  12a 

^•f  Ab  appears  from  the  experiments  of  Valentin,  who  experimented  on 
himself  and  five  other  persons* 

^**  To  distinguish  between  the  impression^  made  upon  the  integument  and 
that  made  upon  the  muscles  by  the  imposition  of  weights,  Weber  experimented 
under  circumstances  in  which  the  hand  upon  which  the  weights  were  placed  was 
perfectly  supported  by  a  cushion  upon  which  it  rested.  In  this  way,  the  muscles 
being  altogether  passive,  the  discrimination  was  much  more  nice  than  when  the 
common  sensibility  of  the  muscles  was  at  the  same  time  called  into  play.  In  the 
same  places  where  the  sensibility  was  found  to  be  greatest  by  the  compasses,  was 
it  also  found  that  the  sensibility  to  impressions  of  weight  and  of  temperature  was 
greatest.  For  example,  to  have  the  same  idea  of  pressure  from  a  weight  laid  upon 
the  point  of  the  finger  and  upon  the  forehead,  the  weight  upon  the  forehead  must 
be  from  a  quarter  to  a  third  heavier  than  that  upon  the  finger.    Weber,  I.  c. 

fte»  This  appears  particularly  in  nations  of  slender  make  and  having  very 
fine  skins.  The  female  silk  throwsters  in  Bengal,  according  to  Hitter,  will  distin- 
guish by  the  touch  alone  20  difierent  degrees  of  fineness  in  the  imwound  cocoons* 
which  are  sorted  accordingly  with  the  greatest  precision :  the  hand  of  the  Indian 
muslin  weaver  is  so  delicate  that  he  contrives  to  make  the  finest  cambric  in  a 
loom  of  such  simple  construction  that  European  fingers  could  at  the  best  propose 
to  make  a  piece  of  canvass  in  it.    See  my  Natural  HUtarp  qf  Man^  vol.  2,  p.  118. 
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we  particularly  designate  feblinq  or  touching.  Mental  con- 
sciousness is  always  divided  in  the  course  of  touching ;  the  character 
of  the  impression  therefore  depends  in  part  at  least  upon  habit, 
and  we  are  extremely  liable  to  be  deceived  when  we  exercise  the 
sense  of  touch  in  any  unusual  way  *'^  Secondary  impressions,  as 
in  the  case  of  all  the  other  senses,  are  also  very  apt  to  remain  be- 
hind: we  still  fancy  we  wear  the  ring  to  which  we  have  been 
long  accustomed,  though  we  have  laid  it  aside,  etc.^ '  \  So  likewise 
have  we  subjective  sensations  independently  of  external  stimuli, — 
for  example,  feelings  of  cold  and  of  heat  in  diseases,  without  any 
peculiar  depression  or  elevation  of  the  external  temperature,  etc 
These  subjective  sensations  are,  however,  mostly  connected  with  in- 
ternal organic  excitements,  to  which  idiopathic  pain  likewise  be- 
longs, and  are  not  so  different  from  objective  or  external  impres- 
sions as  is  generally  supposed  ^^^. 

Of  Taste. 

§  279.  The  tongue  is  the  organ  of  taste :  it  is  extremely  doubtful 
whether  any  other  part  in  the  mouth  perceives  the  sapid  qualities 
of  bodies,  although  some  physiologists  have  maintained  that  the 
palate  possesses  taste  in  common  with  the  tongue  '^^'.     The  extent 

^"^^  The  familiar  instance  in  which  a  pea  or  other  Binall  rounded  hody  is  felt 
aa  if  it  were  double,  when  it  is  touched  by  two  fingers  of  the  same  hand  crossed, 
will  senre  as  an  illustration. 

»7 1  This  may  be  ascribed  to  memory  in  the  sensee,  to  which  also  the  feelinft  of 
«ktireness  or  integrity  in  the  common  sensation  must  be  attributed, — that 
feeling  which  leads  one  who  has  had  a  limb  amputated,  still  occasionally  to  com- 
plain of  feeling  pain  or  uneasiness  in  the  fingers  or  toes  of  the  lost  member. 

* '  *  In  inflammations  and  ferers,  the  temperature  does  in  fact  rise  locally  or 
generally,  and  the  internal  stimuli  that  give  occasion  to  pains,  are  in  many  cases 
virtually  referable  to  the  class  of  mechanical  irritants. 

^^  *  From  a  series  of  experiments  undertaken  on  myself  and  two  other  .persons, 
I  concluded  that  neither  in  the  palate  nor  in  any  other  part  of  the  mouth — ^always 
excepting  the  tongue— was  there  any  perception  of  taste.  Both  older  and  more 
recent  observers  differ  from  this  conclusion.  Blumenbach  (Comp.  Anat,^  3rd  ed., 
p.  337,)  instituted  experiments  on  a  man  bom  without  any  tongue.  This  man 
having  his  eyes  bandaged,  always  recognised  solutions  of  bitter  and  of  various 
saline  substances.  But  we  are  not  sufficiently  informed  as  to  the  state  of  the 
root  of  the  tongue  in  this  case,  a  part  where  the  perception  of  taste  is  extremely 
keen,  and  which  so  commonly  exists  even  in  cases  of  congenital  deficiency  of  the 
reat  of  the  organ.  Many  cases  of  the  kind  will  be  found  referred  to  in  Rudolphi's 
Physiology^  ii.  p.  91.    Rudolphi  is  himself,  as  I  conceive,  opposed  to  the  idea,  that 

3  n 
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to  which  the  sense  of  taste  is  distributed  over  the  tongue, — whether 
it  inheres  in  the  entire  organ,  or  is  confined  to  the  tip  or  to  the  root ; 
whether  the  specific  sensation  for  different  substances  is  the  same 
or  different  in  every  part  of  the  member,  etc ; — upon  these  points 
very  opposite  opinions  have  been  maintained,  in  spite  of  the  ease 
with  which  the  whole  subject  might  apparently  be  passed  in  review, 
and  definite  conclusions  obtained.  The  question  at  large  is  most 
intimately  connected  with  the  one  in  regard  to  the  nerve  which  is 
actually  the  instrument  of  taste.  Of  the  three  nerves  which  are 
distributed  to  the  tongue,  the  hypoglossal  is  now  universally  ad- 
mitted to  be  the  nerve  of  motion ;  but  then  some  recognise  the 
glosso-pharyngeal,  and  others  the  lingual  branch  of  the  fifth,  as  the 
proper  nerve  of  taste  ;  and  others,  again,  regard  the  two  nerves  as 
essential  to  the  perception  of  the  sapid  properties  of  bodies ;  each 
party  of  course  appeals  to  anatomical  and  physiological  facts,  to  ex- 
periments upon  animals,  and  to  personal  observation,  in  support  of 
its  views*'*. 

§  280.  Comparative  anatomy  supplies  us  with  a  few  data  upon 
the  subject  of  taste,  although  probably  with  none  that  wiU  stand 
the  test  of  severe  criticism.  It  would  be  important  were  it  con- 
firmed that  in  birds  the  tongue  either  received  branches  from  the 
glosso-pharyngeal  alone,  or  from  this  and  the  par  vagum,  but  not 

any  other  part  than  the  tongue  is  ever  an  organ  of  taste.  Magendie  (Pkynotogy, 
sub  Capit.)  however  is  of  opinion  that  the  specific  sensibility  extends  over  the 
teeth,  the  gums,  the  palate,  and  the  pharynx.  He  dwells  particularly  upon  tlie 
experiments  of  Guyat  and  Admirault,  according  to  whom,  there  is  a  small  spot 
^n  the  soft  palate,  between  its  attachment  to  the  palatine  bones  and  the  UTula, 
which  possesses  taste  in  a  very  distinct  manner.  In  my  own  experiments  I 
observed  nothing  of  the  kind.  Valentin  has  mentioned  many  interesting  &cts 
in  connexion  with  this  subject,  (De  Funct,  Nerv,,  p.  116).  In  no  instance  did 
the  hard  palate  appear  to  possess  any  sense  of  taste ;  among  eight  individuals, 
the  soft  palate  and  uvula  seemed  distinctly  gifted  with  a  sense  of  taste  in  two ; 
in  four,  the  perception  of  flavour  here  was  much  less  distinct ;  and  in  two,  it  was 
entirely  absent.  The  anterior  arch  of  the  palate  and  the  posterior  aspect  of  the 
uvula,  tasted  decidedly  in  two  persons,  in  one  less  distinctly,  and  in  three  either 
not'at  aU^or  very  indistinctly.  The  posterior  arch  of  the  palate,  the  tonsils,  and 
the  surface  around  the  epiglottis,  seemed  in  every  case  to  possess  perceptions  of 
flavour. 

>▼«  See  $254;  Panizza's  Rieerche  SpertmentaU,  Valentin's  De  Fimet.  Nerv. 
p.  44  and  116,  and  my  observations  in  Froriep's  Ntue  Notizen,  No.  75.  W.  Horn, 
On  the  Human  TaHe,—Ueber  den  Oeechmacksim  dee  Mensehen^  Heidelb.  1825, 
also  made  many  experiments  on  taste  in  difierent  places,  and  upon  the  diflTerent 
efiects  of  sapid  bodies. 
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any  from  the  trigeminus,  the  lingual  branch  of  which  seems  to  be 
entirely  wanting  in  this  class'^^'^.  In  man  and  the  mammalia  the 
glosso-pharyngeal  is  distributed  to  the  papillae  circumyallataSy  parts 
which  in  different  orders  and  species  exhibit  niunerous  varieties  in 
point  of  form^  number  and  position.  It  is  also  remarkable  that  the 
tongue  should  be  covered  in  so  many  ftnimftlfl  upon  its  point  and 
anterior  upper  part  with  spines  and  a  layer  of  epithelium  of  unusual 
thickness  and  hardness, — an  arrangement  which  is  evidently  little 
favourable  to  great  delicacy  of  taste,  whilst  as  a  general  rule  its  base 
is  thickly  studded  with  soft  papiUse — gustatory  papillae,  of  various 
form  and  magnitude'^''". 

§  281.  Experiments  upon  animals  have  shown  that  when  the 
hypoglossal  or  ninth  nerve  is  divided,  the  motions  of  the  tongue  in 
the  great  majority  of  instances  are  completely  annulled,  whilst  the 
sense  of  taste  and  the  common  sensibility  remain  entire  (vide  §  254.) 
The  conclusions  of  different  observers  differ  somewhat  as  to  the  con- 
sequences of  dividing  the  glosso-pharyngeal ;  one  constant  effect, 
however,  appears  to  be  the  loss  of  taste.  When  the  lingual  branch 
of  the  fifth  pair,  on  the  other  hand,  is  divided,  common  sensation, 
and  the  sense  of  touch  in  the  tip  of  the  tongue,  are  annulled^  ^^. 

^^^  Rapp  On  the  F^th  Pair,  p.  10.  He  found  no  branch  of  the  fifth  distributed 
to  the  tongue  either  in  the  swan  or  parrot,  both  of  which  have  a  very  delicate 
taste ;  in  these  two  instances  the  tongue  is  supplied  from  the  par  vagum  and 
glosso-pharyngeal. 

»'•  See  my  Elements  of  Comparative  Anatomy,  §  325  and  326. 

^  ^  ^  PanisEza  made  many  experiments  upon  the  division  of  different  nerves  in 
dogs,  with  every  precaution  requisite  to  arrive  at  accurate  conclusions.  After 
recovering  from  the  depression  into  which  he  was  thrown  by  the  operation,  a 
dog  whose  glosso-pharyngeal  nerves  had  been  divided,  was  found  to  lap  water 
and  to  masticate  with  as  much  ease  as  if  he  had  suffered  no  kind  of  injury.  But 
he  had  now  obviously  no  other  guide  in  the  choice  of  his  food  than  the  sense  of 
smell,  so  that  he  ate  up  the  most  unsavoury  and  injurious  articles  if  they  had  no 
smell,  or  if  the  odour  was  concealed  by  one  that  was  grateful  to  him,  with  the 
same  greediness  as  he  would  have  done  had  they  been  of  the  most  agreeable 
flavour.  The  animal  ate  pieces  of  plain  meat,  and  of  meat  that  was  mixed  with 
colocynth,  with  like  apparent  relish,  and  drank  milk  and  water  dosed  with  the 
same  bitter  drug,  as  if  they  had  been  quite  pure.  Not  content  with  eating  the 
meat  wnich  had  been  dipped  in  a  solution  of  extract  of  colocynth,  he  also  lapped 
up  the  liquor.  The  lingual  nerves  of  another  dog  were  divided  at  the  same  time 
as  the  glosso-pharyngeals  of  the  last.  This  second  animal,  among  several  pieces 
of  flesh  which  Panizza  threw  to  him,  bolted  a  bitter  one  very  hastily;  but 
Bcarcely  had  it  reached  the  oesophagus,  when  it  was  rejected  by  vomiting,  upon 
which  the  dog  whose  glosso-pharyngeals  had  been  cut,  seized  the  morsel  and 
swallowed  it  comfortably.    That  this  animal  still  possessed  common  sensation 
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These  experiments,  taken  in  connection  with  the  obvious  anatomical 
arrangements,  enable  us  to  draw  an  interesting  parallel  between  the 
tongue  as  the  organ  of  taste  and  the  organs  of  the  other  higher 
senses.  As  in  the  tongue,  so  in  the  eye,  the  ear,  and  the  nose,  do  we 
iSnd  a  nerve  of  special  sense,  a  nerve  of  common  sensation,  a  mus- 
cular nerve,  and  in  addition  fibrils  from  the  sympathetic  combining 
in  the  performance  of  a  common  function*^  *. 

The  experiments  that  have  been  performed  with  sapid  substances 
applied  to  different  parts  of  the  tongue  have  nevertheless  given 
different  results.  In  some  persons  the  nature  of  each  is  immediately 
recognized  when  it  is  applied  to  the  point  of  the  tongue— at  least 
bitter,  sweet,  and  salt  substances  have  been  detected  in  this  way. 
Others,  again,  seem  to  have  no  idea  of  the  nature  of  sapid  bodies 

in  the  tongue,  was  made  eyident  by  the  efforts  he  made  to  escape  as  often  as  the 
member  was  pricked  with  a  needle.  These  experiments,  so  decisive  in  their 
results,  were  repeated  and  fully  confirmed  by  Valentin  {Repert^frium,  B.  ii,  S.  219). 
Very  lately,  too,  Stannius  has  made  many  experiments,  and  declares  for  the 
views  of  Panizza  in  everything.  On  the  other  hand,  Gurlt,  Miiller,  and  Komfeld, 
are  led  by  their  experiments  to  conclude  that  the  glosso-pharyngeal  is  not  the 
nerve  of  taste,  an  animal  which  had  had  it  effectually  divided  on  both  sides 
still  preserving  that  sense.  It  is  very  necessary  to  be  aware  that  we  are  liahle 
to  many  errors  in  performing  such  experiments ;  dogs  when  they  are  hungry 
will  devour  meat  however  strongly  seasoned  with  bitter  drugs,  when  all  the 
nerves  are  entire.  Miiller's  Arehiv  f.  1837,  S.  277,  and  Komfeld,  De  Fund. 
Nervor.  Lingua:  Experimenta,  Berol,  1836. 

[^  *  '  Had  the  very  remarkable  and  interesting  observations  of  Mr.  Patrick  Blair, 
a  Surgeon  of  Dundee,  not  been  lost  sight  of,  we  should  scarcely  have  had  the  true 
anatomy  and  physiology  of  the  nervous  system  to  search  for  in  the  beginning  of 
the  nineteenth  century ;  the  proper  course  to  be  pursued  seems  clearly  indicated  by 
Mr.  Blair  more  than  130  years  ago.  In  his  anatomical  description  of  an  elephant 
which  died  near  Dundee,  in  the  year  1706,  he  makes  use  of  the  following  very 
remarkable  language :  "This  extraordinary  part  [the  proboscis]  did  not  want  for 
nerves  sufficient  for  it,  no  more  than  for  blood-vessels ;  for  first  it  has  the  nernis 
olfactorius,  whereby  it  is  endued  with  a  most  acute  sensation  of  smelling;  2d,  The 
second  branch  of  the  fifth  pair,  by  which  it  has  so  acute  a  sensation  of  touching 
or  feeling;  and  Si,  The  hard  portion  of  the  nervus  auditorius,  which  seems  to  be 
chiefly  destined  for  the  different  motions  of  the  proboscis ;  for  the  muscles  of 
the  proboscis  being  divided  into  several  fasciculi,  each  of  them  has  a  branch 
of  this  nerve  dispersed  in  it.  •  •  •  Thus  you  see  how  signally  this  member  ifi 
endued  with  instruments  for  the  performance  of  its  different  functions :  and  it 
has  a  great  analogy  lo  the  eye  by  its  three  pairs  of  nerves,  viz :  one  for  its  seeing, 
analogous  to  [that  in]  the  other  for  smelling,  one  for  its  pathetical  motions,  toalo- 
gous  to  the  acute  sensations  afforded  to  the  other  by  the  5th  pair,  and  one  for  the 
motions  of  its  other  muscles,  analogous  to  [those  conferred  by]  the  hard  portion  to 
the  other.     PfiUos.  Trans,,  vol.  xxviii,  (1709,)  p.  84,  85.    R.W.] 
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applied  exclusively  to  the  tip  of  the  tongue ;  they  must  be  brought 
into  contact  with  the  root  of  the  organ  before  they  are  known*'*. 
Mechanical  and  galvanic  stimuli  applied  to  the  upper  and  under 
surface  of  the  tongue  engender  indefinite  sensations,  which  cannot 
properly  be  referred  to  the  category  of  gustatory  impressions**®. 
At  the  root  of  the  tongue  every  slight  stimtdus, — simple  contact  of 
a  clean  point,  moistening  with  an  insipid  solution,  etc.  excites  a 
sensation,  which,  in  general,  is  spoken  of  as  bitter***.     In  irritable 

« V  •  Upon  this  iioint  we  have  many  opinions.  In  the  course  of  the  experi- 
ments which  I  performed  on  myself  and  several  other  persons  some  time  ago, 
with  four  different  suhstances,  (vinegar,  and  solutions  of  quinine,  sugar,  and  sal- 
ammoniac,  applied  by  means  of  a  fine  glass  rod,)  it  was  found  that  distinct 
sensationi  of  taste  were  only  excited  when  the  papillae  circumvallatss  and  poste- 
rior parts  of  the  tongue  were  touched.  The  tongue  being  kept  still  we  could  not 
tell  whether  it  was  the  sweet  or  sour,  the  bitter  or  saline  solution  that  was  ap- 
plied to  its  tip — there  was  no  sense  of  taste  in  this  part.  It  is  therefore  very 
necessary  to  guard  against  being  misled  ;  the  nose  and  eyes  must  be  closed,  and 
great  care  taken  that  no  other  part  of  the  mouth,  save  that  which  is  under  con- 
sideration, be  touched,  particularly  that  the  saliva  does  not  distil  backwards 
towards  the  root  of  the  tongue.  In  my  experiments  I  observed  that  the  tactile 
power  of  different  parts  of  the  tongue  was  always  inversely  as  the  gustatory 
faculty  :  at  the  apex,  for  example,  the  sense  of  touch  is  at  the  maximum,  (vide 
Annot.  565) ;  in  the  middle  it  is  only  half  as  keen,  or  the  points  of  the  compasses 
must  be  elongated  twice  as  far,  in  order  that  a  two-fold  impression  may  be 
induced ;  and  towards  the  root  the  ratio  is  still  farther  increased.  See  Froriep's 
Keue  Notizent  No.  75,  1837.  Valentin  employed  sugar  and  alum  in  his  experi- 
ments upon  this  point.  (De  FuncL  JVerr.  p.  116.)  He  concluded  that  the  ante- 
rior half  of  the  dorsum  of  the  tongue  in  the  majority  of  subjects,  possessed  no 
power  of  distinguishing  savours ;  in  one  individual  only  did  he  find  the  thing 
otherwise*  The  inferior  aspect  of  the  tongue  on  the  contrary  had  the  faculty  of 
tasting  in  the  greater  numbei  of  men,  either  through  its  entire  extent,  or  in  par- 
ticular places.  In  the  individual  who  could  taste  with  the  tip  of  his  tongue, 
the  faculty  of  tasting  with  the  lower  aspect  of  the  organ  was  wanting.  Tlie  base 
of  the  tongue  in  every  case  possessed  the  faculty  of  taste  in  the  greatest  perfec- 
tion. Arnold,  Elements  qf  Phyaiologyj  (Lekrb,  der  Physiologie,  B.  ii,  S.  547), 
agrees  with  those  who  regard  the  fifth  as  well  as  the  glosso-pharyngeal  as  the 
nerve  of  taste,  and  maintain  that  the  latter  has  only  a  finer  perception  of  gus- 
tatory impressions. 

«eo  I  agree  with  Rudol phi,  that  galvanism  occasions  no  distinct  impression 
of  taste ;  that  the  tongue  having  a  pair  of  zinc  and  copper  plates  applied  to  it, 
only  perceives  an  indefinite  metallic  sensation  ;  in  other  words,  experiences  the 
galvanic  stimulus.  The  mfgority  of  persons  have  no  perception  of  what  it  was 
formerly  asserted  they  had,  viz.  an  acid  taste  when  the  tongue  is  placed  between 
a  plate  of  zinc  on  its  upper  surface,  and  one  of  silver  on  its  lower  surface,  and 
an  alkaline  taste  when  the  disposition  of  the  plates  is  reversed. 

9  •  I  I  have  made  the  experiment  many  times :  on  applying  a  drop  of  distilled 
water  to  the  root  of  the  tongue,  or  merely  touching  it  with  a  clean  dry  glass  rod, 
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subjects,  a  feeling  of  nausea  is  at  the  same  time  very  apt  to  be 
aroused,  accompanied  with  the  closely  allied  reflex  act  of  retching. 
On  the  whole,  it  would  seem  that  the  sense  of  taste  was  most  acute 
towards  the  root  of  the  tongue,  where  the  greater  number  of  the 
branches  of  the  glosso-pharyngeal  are  distributed  to  the  papilk 
circumvaUataB.  When  we  observe,  as  we  shall  presently,  that 
many  substances  taste  differently  at  the  tip  and  at  the  root  of  the 
tongue,  it  would  seem  that  there  was  some  difference  in  the  func- 
tions of  the  nerves  principally  distributed  to  one  or  the  other  of 
these  parts. 

§  282.  Substances  which  are  truly  sapid, — which  do  not  merely 
excite  an  indefinite  or  tactile  sensation  in  the  tongue,  must  be 
soluble  in  the  saliva,  and  impregnate  the  papillae.  Here  being 
imbibed,  they  operate  immediately  upon  the  primitive  fibres,  which 
in  the  papillae  circumvallatas  form  numerous  convoluted  rosettes  or 
glomerules,  similar  to  those  of  the  tactile  papillas  of  the  fingers. 
It  is  easy  to  follow  large  twigs  of  the  glosso-pharyngeal  nerve  into 
these  papillae  circumvallatae***. 

When  we  would  gain  a  complete  knowledge  of  the  sapid  proper- 
ties of  any  body,  we  have  to  call  in  the  assistance  of  compound 
muscular  movements,  exactly  aa  in  the  case  of  toucL  The  sub- 
stance— and  the  liquid  is  the  best  form — is  made  to  diffiise  itself 
slowly  over  the  entire  surface  of  the  tongue,  which  is  pressed  once 
and  again  to  the  roof  of  the  mouth ;  finally,  the  act  of  degluti- 
tion is  performed,  an  act  which  is  quite  indispensable  to  judgment 


many  persona  have  assured  me  that  they  experienced  a  slight  bitter  taste.  A 
similar  and  decided  sensation  of  bitterness,  if  the  phrase  may  be  used,  with  a 
distinct  bitter  after-taste,  is  experienced  when  the  base  of  the  tongue  is  depressed 
with  the  point  of  the  dry  finger ;  this  feeling  at  the  same  time  passes  into  that  of 
nausea,  and  if  the  pressure  be  persisted  in,  retching  follows. 

^•*  It  maybe  said  that;  the  posterior  third  or  rather  more  of  the  mucous 
membrane  of  the  tongue  receives  branches  of  the  glosso-pharyngeal ;  the  remain- 
ing anterior  two-thirds  are  supplied  by  the  lingual  branch  of  the  fifth,  minute 
twigs  of  which  can  readily  be  traced  into  the  mucous  membrane  and  papillse,  and 
observed  forming  little  plexusus  around  the  foramen  coecum  linguae.  SerersI 
papillee  about  the  middle  appear  to  receive  branches  from  both  the  ninth  and 
fifth  ;  tlie  two  nerves  do  not  seem  any  where  to  combine  and  form  terminal 
plexuses.  We  have  as  yet  no  microscopical  representations  of  these  structures. 
Arnold  has  given  very  beautiful  figures  of  the  vascular  plexuses  of  the  tongue 
and  its  different  papillae.  (Tab,  Jnat.  x.  Fig.  14 — 20.) 
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in  matters  of  the  palate,  and  to  which  we  are,  by  nature,  strongly 
impelled.  Many  substances  have  at  first  a  very  different  taste  from 
that  which  they  have  at  last ;  we  therefore  speak  of  an  after^smack 
in  connection  with  many  articles'^  • '.  This  after-taste  is  apparently 
owing  in  part  to  more  extensive  diffusion  of  the  substance  by 
means  of  imbibition,  partly  to  greater  excitement  of  the  nerves 
through  more  prolonged  and  intimate  contact,  and  partly  to  the 
probable  difference  in  the  sensations  appertaining  to  the  glosso- 
pharyngeal and  the  lingual  branch  of  the  fifth ;  in  other  words,  to 
the  difference  of  effect  upon  the  tip  and  upon  the  root  of  the 
tongue***.  What  has  now  been  said  is  to  be  understood  as  having 
reference  to  chemical  soluble  substances ;  what  are  called  mechar 
nical  savours  are  nothing  more  than  tactile  impressions  upon  the 
tongue***. 

§  283.  Taste,  like  every  other  sense,  is  susceptible  of  being  edu- 

^**  According  to  Horn,  there  is  a  general  and  striking  similarity  in  the  after- 
taste in  all  circumstances, — it  is  usually  bitter.  The  substances  that  contain 
tannin,  however,  prove  a  remarkable  exception  to  the  rule,  the  after-taste  with 
these  being  almost  invariably  and  persistently  sweet. 

^ '  ^  Horn  has  made  many  experiments  upon  this  point,  and  given  tabulated 
views  of  his  conclusions  in  his  work,  distinguishing  the  effects  according  to  the 
nature  of  the  papillae.  To  the  papillae  circumvallatse  the  greater  number  of 
substances  tried,  (more  than  three-fourths,)  tasted  bitter,  or  bitter  with  a  mix- 
ture of  some  other  taste.  The  bitter  and  alkaline  or  saline  was  much  more 
common  than  the  bitter  and  sour.  The  papillee  fungiformes  could  not  be  made 
out  as  possessing  any  peculiar  gustatory  sensations.  To  the  papillae  filiform es  the 
predominating  impression  was  one  of  acidity,  so  that  two-thirds  of  the  substances 
essayed  were  pronounced  sour ;  the  bitter  savour  was,  however,  still  perceived 
along  with  the  greater  number  of  vegetable  substances,  particularly  when.applied 
to  these  papillae,  the  bitterness  being  very  commonly  associated  with  a  percep- 
tion of  sweetness.  The  sweet,  bitter,  and  other  varieties  of  savour,  are  there- 
fore neither  connected  with  particular  substances  nor  with  particular  species  of 
papillae.  {JLoc,  ct7.,  p.  96.) 

A*  A  1*0  this  belongs,  for  instance,  the  rough,  austere,  or  astringent  taste— more 
properly  sensation.  Perhaps  the  discrimination  of  chemical  substances, — of  such 
penetrating  articles  as  acids,  in  so  far  as  they  are  already  known,  upon  the 
tongue,  by  some  persons,  may  be  connected  with  the  peculiar  tactile  sensation 
which  they  excite  in  the  fifth  pair,  in  the  same  way  as  we  distinguish  different 
stuffs — silken,  woollen,  cotton,  &c.,  by  handling  them.  Many  impressions,  now 
referred  to  the  head  of  taste,  would  then  come  to  be  regarded  as  merely  delicate 
tactile  perceptions,  by  which  repeated  experience  enables  us  at  length  to  distin- 
guish certain  chemical  qualities  through  the  mediiun  of  simple  mechanical 
qualities. 
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cated  to  a  great  degree  of  acutenesa  and  delicacy^ *S  The  sapid 
properties  of  many  substances  are  distinguished  much  more  readily 
and  accurately  when  certain  other  articles  are  tasted  immediately 
before  them ;  and  whilst  many  articles  taste  agreeably  in  combina- 
tion or  succession,  many  others  do  not :  sharp  wine  and  bitter  beer, 
for  example,  are  not  pleasant  along  with  sweets,  fruit,  etc  There 
is,  therefore,  a  harmony  of  tastes,  as  well  as  of  colours  and  tones, 
although  it  is  not  so  eafiy  to  determine  the  laws  of  the  first  as  of 
the  two  last  When  different  substances  having  very  decided 
flavours  are  tasted  in  quick  succession,  the  gustatory  impresdon  is 
not  merely  modified  or  altered ;  aU  definite  perception  of  taste  is 
annuUed.  If,  for  instance,  a  variety  of  substances — bitter,  sweet, 
sour,  salt,  etc,  have  been  applied  to  the  tongue  in  succession,  by 
way  of  experiment,  or  if  we  go  on  tasting  red  and  white  wine  alter- 
nately for  a  time,  the  sense  of  taste  is  temporarily  so  much  blunted, 
that  we  are  no  longer  in  a  condition  to  distinguish  accurately 
between  one  savour  and  another. 

In  reference  to  tastes,  moreover,  there  is  far  more  of  subjective- 
ness,  than  in  reference  to  the  higher  senses,  hearing,  for  example,  in 
as  much  as  it  i6  much  more  of  what  may  be  called  an  instinctive  sense 
than  this.  Our  tastesalt^  with  our  years,  adrcumstanoethe  physi- 
cal cause  of  which,  undoubtedly,  resides  in  the  nutritive  function : 
many  articles  of  diet  that  were  grateful  in  our  childhood  are  disgust- 
ing inlater  life ;  and^  on  the  contrary,  many  things  which,  as  children, 
we  took  with  distaste,  are  relished  when  we  come  to  be  men^*^. 

With  regard  to  the  impressions  of  taste  which  we  experience  in 
sickness,  independently  pf  the  food  or  drink  we  may  have  taken, — pa- 
thological subjective  tastes,  as  of  bitterness,  sweetness,  etc, — these 
are  all  consequences  of  internal  organic  stimuli,  or  rather  of  alter- 
ations in  the  chemical  or  physical  processes  of  the  internal  organ- 
ism, particularly  the  stomach*  The  state  of  the  mucous  membrane 
of  the  stomach  is  generally  allowed  to  be  reflected  in  that  of  the 
tongue*^**.     In  a  general  way,  such  states,  as  well  as  aU  or  the 

^*>  As  examples,  the  delicate  palates  of  the  professed  wine-tasters  and  tea- 
tasters  may  he  quoted,  these  persons  heing  ahle  to  distinguish  the  nicest  shades 
in  the  flavour  of  the  different  kinds  of  wine  and  tea  suhmitted  to  them,  and  to 
affix  the  relative  value  of  each,  with  great  accuracy. 

s»7  Vide  what  has  been  said  of  the  changes  that  take  place  in  the  structure 
of  the  intestinal  villi  at  different  ages,  $  13S,  and  the  appended  Annotations. 

•••  See  the  observations  of  Beaumont,  $  136,  and  Annotations  connected. 
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migor  port  of  the  so  styled  organic  irritations^  may  be  referred  to 
the  secretioii  of  a  cbemically  altered  saliva^  to  the  presence  of  the 
elements  of  bile  in  the  fiir  of  the  tongue,  etc,  so  that  in  their 
causes  they  are  not  so  different  from  objective  tastes  as  at  £rBt  sight 
appears.  They  do,  in  fact,  fall  under  the  category  of  eifecte  of 
sapid  agents  in  contact  with  the  nerves  at  taste. 

OfSmelL 

§  284.  The  sense  of  smell  takes  cognizance  of  the  particles  of 
od«roiis  bodies  which  are  held  suspended  or  dissolved  in  the  air. 
In  the  act  of  inspiration  these  particles  are  brought  by  the  current 
that  is  streaming  through  either  nostril  into  contact  with  its.  mucous 
membrane  where  they  act  upon  the  olfactory  nerves.  The  sense  of 
smell  inheres  in  the  mucous  membrane  that  covers  the  cribriform 
plate  of  the  ethmoidal  bone,  the  whole  of  the  sux>erior,  and  a  portion 
of  the  middle  turbinated  bones,  upon  all  of  which,  branches  of  the 
first  pair  of  nerves  are  plentifully  distributed  ^  ^ ". 

§  285.  There  can  be  no  doubt  about  the  exclusive  inherence  of 
the  sense  of  smelling  in  the  olfactory  or  first  pair  of  nerves.  This 
fact  is  proved :  Ist,  By  direct  experiments  upon  animals.  When 
the  olfactory  ganglia  are  divided  in  rabbits,  the  animals  feel  no 
pain,  and  none  of  their  muscles  are  convulsed**".  They  readily 
recover  from  the  operation,  but  they  have  lost  all  susceptibility  to 
be  affected  even  by  the  strongest  odours,  whilst  the  soft  parts  in 
which  the  olfactory  nerve  is  distributed,  still  retain  their  impressi- 
bility to  ordinary  stimuli.  This  impressibility  is  acquired  from  the 
branches  of  the  fifth  pair,  to  which  at  one  time,  and  that  very  recently, 
there  wa»  a  deposition  to  ascribe  some  share  in  smelling;  2^,  By 
the  data  afforded  by  comparative  anatomy :  in  all  animals  endowed 
with  a  keen  sense  of  smell,  the  first  pair  of  nerves  is  very  large, 
— ^much  larger  relatively  than  in  man.  3<4  By  pathological  facts : 
there  are  now  many  cases  on  record  in  whacfa  the  olfactory  nerves 
have  been  found  either-  absent  or  variotrfy  altered  organicaDy  in 

^'*  Among  special  treatises  on  the  oTgsn  of  smelling,  that  of  Scarpa,  Disquui- 
iioneM  de  Audiiu  et  OffactUf  Ticin.,  1792,  of  Soemmerring,  Iconea  Orgam  Humam 
Offaetus,  1809,  and  of  H.  Cloquet,  Otphrhologie  ou  tr<ul€  des  Odeurt,  Sfc,  1821, 
may  be  mentioned,  as  also  Moeller*s  dissertation,  De  Odorum  Effectibus, 
Berol.  1826. 

^'^^^  On  this  topic,  consult  the  experiments  of  Valentin :  DeFunct  Nerv.,  p.  10. 

3l 
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the  bodies  of  persons,  who  during  their  lives  had  had  no  sense  of 
smell.  In  other  cases,  again,  in  which  persons  haye  complidned 
of  unpleasant  smells,  from  a  subjective  or  inherent  cause,  changeB 
of  structure  have  been  found  at  the  roots  of  the  olfactory  nerves, 
or  in  the  brain  over  them***.  Every  time  we  catch  cold,  indeed, 
we  have  assurance  of  the  truth  under  discusdon,  inasmuch  as 
the  sense  of  smell  is  blunted  or  lost  for  the  time,  whilst  the 
susceptibility  to  ordinary  stimuli  remains,  or  is  even  increaBed. 
Observations  on  living  individuals,  who  without  smell  have  nevei> 
theless  been  ahundantly  sensible  to  ordinary  stimuli,  and  exhibited 
the  reflex  motions  that  characterize  excitement  of  the  branches  of 
the  fifth  pair,  also  vouch  for  the  distinct  office  of  the  two  nerves 
supplied  to  the  nose***^. 

§  286.  An  organ  of  smell  is  met  with  in  all  vertebrate  ammal^ 
at  least  there  is  always  a  particular  nerve  distributed  upon  a  sac  or 
cavity  lined  with  mucous  membrane,  which  corresponds  in  all 
respects  with  the  olfactory  or  first  pair,  in  its  highest  state  of 
development.     Even  in  those  animals  that  breathe  by  means  of 


^**  The  cases  observed  by  Morgagni,  Loder,  RosenmuUer,  and  others,  are 
alluded  to ;  see  the  general  review  of  them  in  Rudolphi's  Phfftiology,  ii.  p*  H^* 

»•«  Vide  S  287.  [Mr.  Hunter  criticised  this  complex  distribution  of  nerves  mnch 
more  ably  than  many  of  his  successors  have  done.  In  a  paper,  entitled,  "A 
Description  of*the  Nerves  which  supply  the  Organ  of  Smelling"  he  tells  us  that  in 
his  dissection  of  the  nose,  "  he  found  several  nerves,  principally  from  the  fifth 
pair,  going  to  and  lost  upon  the  membrane  of  the  nose ;  but  I  suppose,"  he  con- 
tinues, "^at  they  have  nothing  to  do  with  the  sense  of  smelling;  it  being  more 
than  probable  that  what  may  be  called  organs  of  sense,  have  particular  nerrei, 
whose  mode  of  action  is  different  from  that  of  nerves  producing  common  sensa- 
tion, and  also  different  from  one  another."  He  proceeds :  "Although  the  organs  of 
sense  [besides  their  special  nerves]  may  likewise  have  nerves  from  different  parts 
of  the  brain,  yet  it  is  most  probable  that  such  nerves  are  only  for  the  common 
sensations  of  the  part,  and  other  purposes  answered  by  nerves.  Thus  we  find 
nerves  from  different  origins,  going  to  the  parts  composing  the  organ  of  sigbt, 
which  are  not  at  all  concerned  in  the  immediate  act  of  vision ;  it  is  also  probable 
that  (he  parts  composing  the  ear  have  [different]  nerves,  and  if  we  carry  this  analogy 
to  the  nose,  we  shall  find  a  nerve  which  we  may  call  the  peculiar  nerve  of  that 
sense,  and  the  other  nerves  of  this  part  derived  from  other  origins,  only  conveymg 
common  sensation,  and  only  intended  for  the  common  acts  of  the  part.**  {OhS'  ^ 
certainparts  qf  the  Animal  Economy,  4to,  Lond.,  1st  ed.,  1786, 2d,  1792.— Mr.  Hunter, 
70  years  and  more  after  Mr.  Blair,  again  pointed  out  the  proper  path  of  investi- 
gation in  regard  to  the  functions  of  the  nervous  system  ;  but  the  seed  he  scat- 
tered still  fell  upon  a  barren  soil ;  men's  minds  were  not  prepared  to  receive  and 
•cherish  it  into  new  and  productive  life.    Vide  Annots.  525,  &c.    R.  W.] 
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gills,  and  that  have  no  nasal  passages  commnnicating  with  the  pha- 
rynx, the  olfactory  nerve  forms  decided  plexuses,  and  indeed  is 
often  much  larger  than  it  is  in  many  of  the  mammalia  that  live  in 
water*  ••.  In  birds,  among  which  the  sense  of  smell  is  often  very 
acute,  we  already  observe  a  great  analogy  with  the  mammalia 
and  man.  In  the  roomy  nostrils  of  these  creatures  we  find  three, 
generally  cartilaginous,  turbinated  processes,  of  which  the  middle 
one  is  the  largest,  and  presents  itself  as  an  involuted  membrano- 
cartilaginous  plate.  The  superior  process  is  rather  a  kind  of 
vesicular  eversion  of  the  cartilaginous  walls  of  the  nose.  It  would 
seem  that  the  olfactory  nerve  is  only  ramified  over  the  surface  of 
this ;  and  that  the  two  inferior  turbinated  processes  are  supplied 
by  branches  from  the  fifth  pair'"^.  Among  mammalia,  great 
variety  is  apparent.  In  the  cetaceans,  (the  porpoise,)  the  olfactory 
nerve  is  so  slender  that  it  has  been  overlooked  by  many  anatomists. 
It  is  present,  however,  but  in  the  form  of  an  extremely  fine  thread 
on  either  side ;  and  the  cribriform  plate  of  the  ethmoid  bone  in 
relation  with  it  is  also  rudimentary.     It  is  among  the  keen  nosed 

***  As  we  must  conclude  that  odoun  are  only  perceived  when  they  are  dis- 
BoWed  in  the  atmosphere,  the  great  development  of  the  olfactory  nerves  in 
fishes  appears  the  more  remarkahle,  seeing  that  they  are  merely  rudimentary 
in  the  cetaceous  trihes.  Perhaps  in  fishes  they  serve  as  the  instruments  of  tactile 
impressions  of  a  peculiar  kind,  are  rather  influenced  hy  the  chemical  effects  of 
the  substances  held  in  solution  by  the  water,  and  stand  in  lieu  of  the  sense  of 
taste,  which,  if  we  may  judge  from  the  imperfect  and  often  entirely  absent  tongue, 
must  be  very  defective  in  the  whole  class.  [The  atmosphere,  with  reference  to 
the  higher  mammalia  and  man,  is  but  the  vehicle  of  odorous  particles,  which 
only  come  to  be  perceived  after  they  are  dissolved  in  the  mucus  that  bedews  the 
nasal  membrane ;  when  this  is  dry,  we  have  no  sense  of  smell;  water  must  there- 
fore be  at  least  as  apt  a  vehicle  for  the  conveyance  of  odorous  particles  as  air ; 
hence,  and  .'in  harmony  with  this  fact,  the  large  development  of  the  olfactory 
nerve  and  corresponding  peripheral  apparatus  in  fishes,  which  beyond  all  ques- 
tion have  a  very  acute  sense  of  smell ;  the  whale  tribes,  again,  whilst  they  breathe 
through  their  nostrils,  do  not  seek  their  prey  in  the  air,  and  no  end  would  have  been 
answered  by  the  distribution  of  an  ample  nerve  of  smell  over  an  extensive  laby- 
rinth of  winding  passages  at  the  inlet  to  the  respiratory  system.  Hence  are 
ihey  virtually  without  smell. 

^**  This  is  also  the  case  with  mammalia,  and  it  is  the  more  remarkable,  seeing 
that  in  the  carnivora  and  the  rodentia,  the  immense  development  of  the  inferior 
■pongy  bone  appears  to  bear  direct  reference  to  the  very  delicate  smell  which 
they  ei\Joy.  This  relationship  may  perhaps  indicate  that  certain  substances 
which  exert  their  influence  rather  in  a  chemical  or  mechanical  way,  and  which 
are,  therefore,  somewhat  improperly  designated  odours,  are  perceived  by  the 
nerves  distributed  to  the  inferior  spongy  bone.  There  is  here,  very  obviously,  a 
combination  of  the  same  kind,  as  we  perceive  in  the  tongue. 
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mammals  that  the  olfactory  nerve  attains  its  highest  development ; 
here,  it  is  often  infinitely  larger,  both  absolutely  and  relatively,  than 
in  man.  It  is,  in  fact,  a  hollow,  club-shaped,  or  lobular  maea, 
plentifully  intermingled  with  ganglionic  corpuscles,  and  situated 
beneath  and  in  front  of  the  anterior  lobes  of  the  brain  in  the 
camivora^  ruminantia,  pachydermata,  rodentia,  and  marsupiat^ 
There  is  at  the  same  time,  and  in  harmony  with  this  large  evolution 
of  the  nerve,  a  very  ample  cribriform  plate,  perforated  with  an  infi- 
nite number  of  holes  leading  to  an  amply  developed  ethmoidal 
labyrinth.  Among  the  turbinated  or  spongy  bones,  the  inferior  is 
that  which  is  more  especially  developed.  The  central  bony  plate  pro- 
duces a  multitude  of  ofiseta,  so  that  the  transverse  section  resembles 
a  tree  that  spreads  from  a  point  into  numerous  branches.  This 
implies,  that  the  nasal  fossie  are  very  ample,  which  they  are  in  &ct ; 
but  in  addition,  every  precaution  is  taken  to  have  the  largest 
amount  of  surface  within  the  smallest  possible  space^'^.  The  cavi- 
ties supplemental  to  the  proper  nasal  meatus  are  in  general  present, 
but  exhibit  the  greatest  diversities  in  their  development  in  indivi- 
dual genera,  and  often  in  closely  allied  families.  The  frontal  sinuses 
generally  exist,  and  are  occasionally,  as  in  the  elephant,  of  wonder- 
ful extent;  the  same  may  be  said  in  regard  to  the  maxillary 
sinuses;  in  the  elephant  they,  too,  are  extensive,  but  in  other 
animals  possessed  of  a  very  acute  smell,  such  as  the  camivora  and 
rodentia,  they  are  altogether  wanting,  all  of  which  gives  us  the 
assurance  that  these  cavities  stand  in  no  particular  physiological 
relationship  to  the  proper  organ  of  smell***. 

§  287.  A  comparison  of  the  anatomical  structure  of  the  organ  of 
smell  in  man,  with  that  of  the  animals  most  closely  allied  to  him, 
demonstrates  the  fact  which  indeed  had  already  been  learned  firom 
experience,  that  whilst  he  surpasses  many  species  in  the  faculty  of 
smelling,  he  is  in  his  turn  surpassed  in  this  particular,  by  a  much 
greater  number.  When  the  olfactory  nerve  of  man  is  compared 
with  that  of  the  dog,  for  instance,  we  see,  that  with  a  brain  vastly 


aoo 


This  development  of  the  inferior  spongy  bone  is  most  remarkable  in  the 
dog ;  it  is  much  less  conspicuous  in  the  cat. 

^"'  The  views  of  those  physiologists  who  maintain  that  the  sinuses  and 
adventitious  cavities  were  a  kind  uf  store-chambers  for  odours,  and  are  par- 
ticularly developed  in  animals  gifted  with  a  fine  scent,  must  be  token  with 
abatement. 
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smaller^  the  olfactory  nerve  of  the  animal  is  nevertheless  four  or 
five  times  larger  than  that  of  ihe  human  subject.  In  man,  the 
olfiM^tory  nerve  is  composed  of  a  number  of  extremely  delicate 
fiiscicttli,  which  penetrate  the  gray  substance  in  the  fissure  of  Sylvius, 
and  may  be  traced  in  three  principal  divisions  for  a  considerable 
way  into  the  interior  of  the  hemisphere  of  the  brain.  In  the  new- 
bom  infant,  the  olfactory  nerves  are  not  so  long  as  they  are  later 
in  life;  they  bear  a  strong  resemblance  to  the  olfactory  lobules  of 
yn^mimAlifij  eavc  that  they  are  relatively  much  smaller.  The  pri- 
mitive fibrils  of  the  olfactory  nerve  are  extremely  fine,  and  readily 
become  varicose,  (§  231).  They  traverse  and  form  plexuses  in  the 
midst  of  the  excessively  delicate  mass  which  constitutes  the  olfactory 
ganglion.  This  ganglion  appears  to  be  regularly  hollow  in  the 
embryo,  it  is  more  rarely  so  in  the  child,  and  in  adtdt  age  it  is 
solid ;  in  the  majority  of  mammiferous  animals  it  continues  hollow 
thiY>ugh  life*^\  Upon  the  cribriform  plate  of  the  ethmoidal  bone^ 
the  primitive  fibrils  collecting  into  delicate  sheathless  bundles,  and 
unaccompanied  by  any  ganglionic  corpuscles,  quit  the  ganglion, 
pierce  the  bone,  and  having  reached  the  mucous  membrane  of  the 
nose,  they  begin  immediately  to  form  dense  plexuses  under  the 
sorfiice  of  the  membrane  which  covers  the  ethmoidal  cells,  the 
superior  spongy  bone,  and  partly,  also,  the  middle  spongy  bone. 
We  are  altogether  uncertain  as  to  the  mode  in  which  the  olfactory 
nerve  terminates* '  *. 


*'^  The  olfactory  nerve,  as  we  have  already  seen,  is  evolved  in  the  embryo, 
from  the  anterior  cerebral  cell,  (Vide  Generaiion  and  Developtiunt,  Book  i.)  It 
loog  showB  a  cavity  in  ita  interior,  aa  it  does  in  the  mammalia  through  life,  which 
communicates  with  the  lateral-ventricle,  and  like  this,  appears  endued  with  a 
delicate  ciliate  epithelium.  In  the-course  of  the  thiid  or  fourth  year,  the  base  of 
the  root,  which  up  to  this  time  has  been  of  some  breadth,  begins  to  extend  in 
length,  and  becomes  more  slender.  The  sinuses  connected  with  the  organ  of 
smell  also  begin  to  be  slowly  developed  after  birth ;  and  in  harmony  with  these 
changes,  the  sense  of  smelling  gradually  improves ;  for  it  is  certain  that  children, 
during  the  first  years  of  their  life,  have  a  much  less  perfect  sense  of  smell  than 
they  acquire  afterwards. 

**"  Valentin  states  very  correctly,  that  the  primitive  fibrils  of  the  olfactory 
nerve  are  only  surpassed  by  those  of  the  optic  nerve,  in  delicacy.  The  same 
excellent  authority  inclines  to  believe  that  ganglionic  globules,  or  structures 
extremely  like  them,  may  also  be  discovered  on  the  Inner  aspects  of  the  more 
delicate  plexuses,  a  statement  which  I  hold  to  be  scarcely  determinable  one  way 
or  the  other.  We  are  yet  without  any  method,  so  far  as  I  know,  of  preparing  tho 
mucous  membrane  of  the  nasal  cavities  in  such  a  way,  as  admits  of  our  following 
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§  288.  Odorous  substanoes,  which  do  not  at  the  same  time  affect 
the  mucous  membrane  mechanically  or  chemically,  and  so  irritate 
it,  are  brought  by  the  act  of  inspiration  into  contact  with  the  mu- 
cous membrane  of  the  nose.  The  more  strongly  we  inhale,  the 
more  intense  is  the  impression  upon  the  organ  of  sense ;  we  at  the 
same  time  dose  the  mouth  in  order  that  the  whole  of  the  air  inr 
spired  may  enter  by  the  nose,  and  we  dilate  the  nostrils  to  give  a 
freer  passage  to  the  current ;  and  it  is  worth  observing,  that  the  ahe 
nasi  are  generally  well  developed  in  animals  that  have  a  sharp  scent 
When  we  smell  at  any  object,  when  we  would  accurately  appreciate 
its  odorous  properties,  we  farther  make  repeated  sholrt  inspirations, 
and  use  efforts  to  secure  the  access  of  the  odoriferous  particles  as 
high  up  in  the  nose  as  possible.  The  nose  is  beautifully  adi^ted 
to  this ;  for  the  air  streaming  through  a  narrower  opening  into  a 
wider  cavity,  naturally  becomes  retarded  in  its  course,  and  is  brought 
more  intimately  into  contact  with  the  mucous  membrane.  The 
odorous  particles  dissolve  in  the  moisture  of  the  mucous  membrane, 
which  they  penetrate  by  imbibition,  and  so  attain  the  nerves. 
When  the  mucous  membrane  is  dry,  we  either  smell  imperfectly, 
or  not  at  alL  Pure  odours  only  affect  the  olfactory  nerves, — to 
this  category  belong  the  greater  number  of  the  odours  of  flowers, 
and  of  many  animal  substances,  musk  among  the  number.  Chlorine, 
anmionia,  acetic  acid,  etc,  appear  to  act  as  irritants  upon  the  fifth 
pair,  and  are,  therefore,  felt  and  recognized  by  individuals  who 
have  little  or  no  proper  sense  of  smell^"",  individuals  in  whom  the 
olfactory  nerves  are  either  originally  deficient,  or  have  been  de- 
stroyed. From  the  proximity  of  the  brain,  and  the  immediate 
connexion  of  the  olfactory  nerves  with  the  cerebral  hemisphereSi 
the  sensorium  seems  to  be  more  readily  affected  by  stimuli  applied 


the  primitive  fibrils  of  the  olfactory  nerve  to  their  terminations.  I  have  not 
myself  been  able  to  come  to  any  conclusion  on  the  subject  The  principal  rami- 
fieations  of  the  olfactory  nerve  upon  the  mucous  membrane,  are  figured  by 
Soemmerring,  (De  Org,  OJfactua)  and  by  Arnold,  {Tab.  AntU.,  T.  ix.) 

&»B  See  S  2S4.  I  am  acquainted  with  a  young  man  and  his  sister,  who  have 
no  sense  of  smell  whatsoever ;  the  parents,  however,  and  another  sister,  are 
endowed,  in  respect  of  smell,  like  other  people.  Ammonia  applied  to  the  nostrils 
of  the  young  man  in  question,  produces  a  distinct  stinging  odorous  sensation. 
No  one  at  the  present  day,  with  the  exception  of  Magendie,  (Joum,  de  PhynoL 
Exper,  T.  iv,  and  Elemevu  de  PhyMogiej  T.  i.)}  attributes  any  perception  of  smell 
to  the  nasal  branch  of  the  fifth  nerve.    Vide  Valentin,  De  FuncL  Nerv.;  p.  xi* 
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to  these  than  to  any  of  the  other  nerves  of  sense*  °^  It  is  well 
known  that  delicate  persons,  especially  females,  are  apt  to  faint 
when  exposed  to  strong  perfumes^  °\  Various  reflex  phenomena, 
too,  vomiting,  among  the  niunber,  occur  even  in  the  strongest, 
under  the  influence  of  noisome  stenches : — a  sickening  smell  is  a 
very  legitimate  expression. 

§  289.  The  organ  of  smell  exhibits  an  unusual  number  of  sub- 
jective phenomena,  and  of  individual  peculiarities.  Some  persons 
are  remarkable  for  the  great  delicacy  and  keenness  of  their  smell*  ^*. 
It  is  among  animals,  however,  that  this  sense  is  met  with  in  its 
highest  perfection,  among  which  it  is  indeed  most  intimately  con- 
nected with  the  two  instincts  that  are  of  the  highest  importance 
to  the  individual,  and  to  the  species, — the  instinct  by  which  food 
is  taken,  and  that  by  which  the  kind  is  continued'^'.  Experiments 
instituted  on  purpose,  satisfy  us  that  different  individuals  have  very 
different  powers  in  appreciating  and  judging  of  odours ;  the  odours 
of  flowers  even  impress  different  persons  very  differently' °*.  The 
judgments  upon  what  are  to  be  held  pleasant  and  what  unpleasant 
smeUs — ^perfimies  or  stenches — are  also  extremely  vadous.     Anti- 


coo  [Xhe  effect  of  strong  and  pungent  odours  in  recalling  sensibility,  is  pro- 
bably less  to  be  ascribed  to  their  action  on  the  first,  than  on  the  branch  of  the 
fifth  distributed  to  the  nose :  no  one  thinks  of  applying  otto  of  roses,  or  musk,  to 
the  nostrils  of  a  lady  who  is  threatened  with  fainting ;  ammonia  and  aromatic 
vinegar,  which  act  as  simple  irritants,  are  the  articles  sought  after.    R.  W.J 

•  o  ^  It  may  often  be  doubtful  whether  certain  odours  exert  their  influence  upon 
the  sensorium,  immediately  through  the  olfactory  nerves,  or  secondarily,  by 
being  taken  up  by  the  blood  in  the  lungs. 

•o*  Small-pox,  measles,  fever,  menstniating  women,  &c.,  are  recognized  through 
the  sense  of  smell,  by  a  few  physicians,  indeed,  but  by  these  with  the  greatest 
certainty.  The  American  Indian,  according  to  Humboldt,  will  distinguish  a 
white  from  a  black,  and  individuals  of  their  own  race  from  others,  by  the  sense 
of  smell. 

"o*  Hence,  the  delicacy,  and  at  the  same  time  diversity,  of  the  scent  in  car- 
nivorous and  herbivorous  animals ;  the  smell  of  putrifying  animal  substances, 
which  attracts  the  creatures  that  live  on  carrion  from  great  distances ;  the  odour 
of  the  female  parts  of  generation,  especially  in  the  season  of  heat,  in  which  large 
quantities  of  a  peculiar  odorous  mucus  are  secreted,  &c. 

*^^  Turner  (see  Arnold's  Physiology,  ii.  p.  561)  made  a  series  of  experiments 
upon  this  point.  He  found  that  the  flower  of  iris  persica  was  pronounced  of 
pleasant  odour  by  41  out  of  54  persons;  by  4  to  have  little  scent;  by  8  to  be 
without  all  odour,  and  by  1  to  be  ill-scented;  of  30  persons,  23  held  the  anemone 
nemorosa  agreeable  in  its  perfume ;  and  7  did  not  think  it  smelled  at  all. 
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pathies  and  idiosyncrasies  in  reference  to  odours,  ore  often  stron^j 
pronounced,  but  they  are  entirely  individual*  ***. 

But  few  experiments  hare  yet  been  made  upon  the  mode  of 
action  of  stimuli  in  general  upon  the  olfiwjtory  narves****.  Subjectirc 
impressions  of  odours  are  very  frequently  experienced ;  these  are 
generally  spoken  of  as  indefinite  in  their  nature^ — as  sweet  or  sour, 
as  nauseous  or  disgusting,  etc.,  by  those  who  are  tormented  by 
them. 


CHAPTER  II. 

OF  HEARING. 

General  Physical  Conditions  of  Hearing. 

§  290.  When  we  speak  of  hearing  in  a  physiological  sense,  we 
understand  an  excitement  of  the  specific  energy  of  the  acoustic  or 
seventh  paiP  of  cerebral  nerves,  occasioned  by  an  external  quality 
or  condition,  which  consists  in  an  undulatory  or  vibratory  motion 
of  a  solid  or  fluid  body.  This,  as  appreciated  by  the  ear,  is 
entitled  sound.  Sound  is  consequently  produced  by  the  imdulatioDs 
or  vibrations  excited  in  bodies,  being  communicated  to  other  bodies — 
the  air,  the  water>  etc»,  with  which  they  are  in  contact,  which  bodies 
is  th^  turn  tranonit  the  polsaitions  to  the  external  and  internal 
parts  of  the  ear,  and  arouse  similar  and  corresponding  vibrations 
in  the  primitive  fibrils  of  the  acoustic  nerve  spread  out  within 
them.     The  unduIationB  or  vibratioiia  in  thk,  their  ultimate  tSkd, 

*^*  Hysterical  penons  commonly  like  the  smell  of  rue,  matricariay  burnt 
feathers,  &c  Some  animals  show  a  great  partiality  for  certain  smells ;  the  cat, 
for  example,,  takes  the  greatest  delight,  or  seems  to  become  in  some  sort  frantic, 
when  it  meets  with  the  Nepeta  cataria,  and  Teucrium  maninv;  [it  is  also  ex- 
tremely fond  of  the  odour  of  the  officinal  valerian  root.] 

*o*  It  is  very  remarkable,  that  the  galvanic  stimulus,  besides  awakening  com- 
mon sensibility  when  applied  to  the  tongue  by  an  ordinary  apparatus  of  induction, 
should  have  been  said  also  to  occasion  smells  in  the  nose,  flashes  of  light  in  the  eye, 
sounds  in  the  ear,  and  tastes  in  the  tongue.  By  the  direct  application  of  galvanism 
as  high  up  even  as  the  middle  spongy  bone,  I  was  not,  however,  aware  of  any 
odorous  impression.  The  efibct  of  stimuli  of  low  power,  particularly  galvanic 
stimuli,  upon  the  different  senses,  deserves  more  particular  investigation. 
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are  perceived  by  us  as  sounds  or  noises.  The  branch  of  natural 
science  which  treats  of  the  physical  laws  of  sonorous  pulsations  is 
entitled  Acoustics;  a  subject  upon  which^  as  beyond  the  proper 
proyince  of  physiology^  I  do  not  mean  to  dilate'^  \ 

Of  the  *For7ns  presented  by  the  Organ  of  Hearing — Morphology 

of  the  Ear, 

§  291.  There  is  scarcely  an  organ  in  the  entire  series  of  the  animal 
kingdom  which  affords  such  ample  scope  to  the  morphologist  as 
that  of  hearing,  in  which  a  progressive  perfection  of  structure  is 
most  readily  to  be  traced.  Wherever  an  organ  of  hearing  is  en- 
countered, certain  external  conducting  parts  and  an  internal  per- 
cipient apparatus  are  recognizable.  To  the  latter  we  assign  those 
immediate  nervous  expansions  in  the  lowest  tribes  which  all  agree 
in  r^arding  as  the  internal  ear;  to  the  former  we  ^ve  the  external 
integument  in  one  instance,  in  another  the  peculiar  parts  that  lead 
to  the  labyrinth' "•. 

®o'  The  comiBon  bookB  of  Physics— Playfair's  OuHmet,  hmoit'9  EUmentf, 
Goldiog  Bird's  Elements,  as  also  the  works  of  Biot  and  Pouillet,  in  French,  may 
be  consulted  on  the  Science  of  Acoustics.  Cljadni's  works,  entitled  AcousticSj 
and  Coniribtttions  to  AcousHcMy  in  German,  are  much  esteemed.  In  the  MamuU 
ofDUeaeeeqftheEafy — Handbuchder  Ohrettkrank/teiten, — of  Lincke,(Leipz.,  1837), 
the  subject  of  Sound  is  treated  of  at  great  length  ;  and  as  the  work  is  distin- 
guished for  the  extent  and  accuracy  of  its  anatomical  and  physiological  portion, 
I  have  very  frequently  referred  to  it  instead  of  older  authors  in  the  following 
paragraphs.  I  have  also  made  use  of  the  excellent  Select  CoUeetUm  on  the  Die- 
eeueg  of  the  Ear,—Sammbmg  auserletener  Ahhandlungen,  ^e,,  aui  dem  Gebiete  der 
OkrenheUkunde,  Leipz.,  1836—1840. 

'o*  The  most  important  comparative  anatomical  writings  on  the  form  of  the 
ear  in  the  animal  kingdom,  are  those  of  Comparetti ;  Obs.  Anat,  de  Aure  irUema, 
Patav.,  1789;  Scarpa:  Ditq,  Anat,  de  Audiiu  et  (^aciu,  Ticin.  et  Mediolan.  1789, 
et  1791 ;  E.  H.  Weber :  De  Aure  et  Audiiu  Hominis,  Lips.,  1820 ;  et  Ej.  Adnot, 
Anat,  ei  Phynol,  de  PuUu,  Bespiraiione,  Audiiu  et  Tactu,  Lips.,  1834;  Breschet, 
JUck.  Anat  et  Phyeiol.  atr  VOrgane  de  VOuie  dee  Poissone,  Paris,  1838  ;  Muller :  On 
^epeeuUar  structure  qf  the  Organ  of  Hearing  in  the  Cydostomes,  (in  Germ.)  Berl., 
1938 ;  Winditchmann :  Depenitiori  Aurit  in  AmphibOi  Structura,  Lips.,  1831 ;  Bres- 
chet :  Sur  Vorgane  de  Vaudition  cheat  le  OieeauXf  Paris,  1836.  On  the  Human  Ear 
particularly;  Soemmerring:  leonea  Orgam  Auditus,  Francof,  1806;  Breschet :  i^fir 
r<mie  et  Vauditkm  done  Vhomme  et  lee  ammaux  vertebree,  Paris,  1896 ;  the  figures 
in  Arnold's  Tabukt  Anatomkte,  Fasc.  ii.  are  admirable.  See  alto  Buchanan's 
PhyMogical  iUuetrationi  qf  the  Organ  of  Hearing,  Lond.,  1828.  On  the  more 
minute  anatomy,  consult  Pappenheim,  The  special  etructural  anatomy  rfthe  Organ 
qf  Hearing,— Die  spedelle  GewehsUhre  des  Oehoerorgans  ^c,  Breslau,  1840,  a  work 
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§  292.  We  meet  with  very  simple  forms  of  the  organ  of  hearing 
in  the  cuttlefishes  and  crabs.  In  the  former,  the  ear  consists  of  a 
simple  cartilaginous  vestibule — a  mere  hollow  space  in  the  cephalic 
cartilage — within  which  lies  a  membranous  bag — the  proper  audi- 
tory sac,  surrounded  by  fluid.  Upon  this  the  auditory  nerve  ex- 
pands. In  the  interior  of  the  sac  we  ol^serve  an  otolithe  or  ear- 
stone.  The  ear  has  no  fenestra,  no  vibrating  membrane  directed 
outwards;  the  sonorous  vibrations  reach  the  aqua  labyrinthi  and 
saccus  auditorius,  from  the  surrounding  medium,  through  the  ex- 
ternal coverings  and  cartilaginous  skeleton  of  the  head.'°*.  In  the 
crustaceans, — taking  the  crayfish  as  our  text, — we  observe  a  conical 
hollow  process  arising  from  the  inferior  surface  of  the  basilar  mem- 
ber of  the  external  great  antenna  on  either  side.  Within  this  process 
there  is  a  sacculus  filled  with  fluid,  without  any  otolithe  in  its  interior, 
upon  which  the  auditory  nerve  expands.  This  conical  process  or 
auditory  cylinder,  therefore,  is  the  part  analogous  to  the  bony  ves- 
tibule, and  the  auditory  sac  is  the  representative  of  the  membranous 
vestibule  in  higher  animals.  On  the  auditory  cylinder,  however, 
there  is  a  small  round  hole,  which  evidently  stands  for  the  fenestra 
ovalis  of  the  vertebrata,  and  is  like  this  closed  by  an  elastic  mem- 
brane (membrana  tympani  secundarii),  through  which  the  sonorous 
pulses  are  transmitted  to  the  interior'**'. 

which  contains  manj  original  ohservationB.  On  the  physiolc^y  of  the  anditorj 
apparatus,  the  ordinary  books  on  phjrsiology  may  he  consulted,  and  also  the  well 
written  and  comprehensive  article  of  Theile  in  Schmidt's  EneydoptedU  der  Me^- 
em,  &  iii,  S.  427. 

*<>*  See  the  more  detailed  description  in  my  Elements  of  Omparaike  Anatrntf 
The  organ  of  hearing  of  the  cephalopoda  generally  lies  in  the  lower  part  of  the 
cephalic  cartilage,  under  the  inferior  cesophageal  ganglion,  which  is  the  part  that 
corresponds  with  the  cerehellum.  When  the  integuments  and  muscles  are  re- 
moved, the  vestihule  presents  itself  as  a  slight  rounded  enlargement  on  either 
side.  In  other  cephalopods,  Loligo,  for  example,  the  lahyrinth  is  made  uneven  hj 
cartilaginous  projections,    See  my  Iconet  Zootomies,  Tab.  xxiz. 

• »°  Representations  and  details  may  he  found  in  Weber,  Tab.  i,  and  in  Milne 
Edwards,  Hi$t.  not,  dei  Crustacet,  vol.  i,  pi.  12.  These  simple  forms  of  the  organ 
of  hearing,  which  have  a  high  physiological  interest,  appear  from  recent  re- 
searches to  occur  much  more  frequently  in  the  invertebrate  series,  than  was  a 
one  time  believed.  Siebold,  for  example,  found  a  type  in  the  bivalves  and  »naili 
similar  to  that  of  the  cuttlefishes  (Tintenschnecken) :  two  vesicles  or  capsules  m 
connection  with  the  central  nervous  system,  containing  in  their  interior  » 
fluid,  and  numerous  small  otolithes,  which  in  the  living  animal  exhibit  remarkable 
motions.  See  the  interesting  paper  of  Siebold  in  the  Archiv  fuer  die  Nafur- 
geeehiehte,  Jahrg.  1841,  B.  i,  S.  148 ;  vide  also  §  305,  and  Annots. 
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§  293.  From  the  ear  of  the  cephalopoda  the  transition  to  that  of 
fishes  is  natural ;  and  these  in  their  turn  exhibit  a  progressive  series 
of  additions  and  perfections.  In  the  cyclostomes  the  structure  of  the 
ear  is  still  extremely  simple.  The  labyrinth  is  contained  within  an 
oval  cartilaginous  capsule,  which  is  connected  with  the  cranium,  and 
incloses  in  its  interior  the  sac  of  the  membranous  labyrintL  In  the 
lowest  forms — Myxine  and  Bdellostoma — a  single  semicircular 
canal  which  returns  into  itself  like  a  ring,  arises  from  the  sacculus 
that  corresponds  to  the  vestibule,  and  at  the  part  analogous 
to  the  alveus  communis,  incloses  the  expansion  of  the  auditory 
nerve*"*.  In  the  higher  forms  of  cyclostomatous  fishes — Petro- 
myzon, — we  observe  two  semicircular  canals,  each  of  which  arises 
with  an  ampulla  from  the  alveus  communis  of  the  semicircular 
canals.  The  aqua  labyrinthi  surroimds  the  membranous  parts ;  but 
the  cyclostomes  do  not  appear  to  have  any  otolithes.  The  remain- 
ing cartilaginous  and  bony  fishes  possess  three  well  developed  semi- 
circular canals,  debouching  upon  a  common  vestibule,  from  which 
a  portion,  representing  an  auditory  sac,  is  separated.  Fishes  have 
no  cochlea' "  *.  In  the  vestibule  and  auditory  sac  we  find  either  some 
agglomerated  crystals  of  carbonate  of  lime  (in  the  cartilaginous 
fishes),  or  one  or  more  hard  porcellaneous  otolithes  of  various  fashion 
(in  the  bony  fishes).  The  whole  labyrinth  as  now  described  is  in- 
closed within  the  substance  of  the  skull  in  cartilaginous  fishes; 
but  in  general  we  can  trace  certain  canals  leading  from  the  labyrinth 
to  particular  openings  closed  with  membranes  in  the  substance  of 
the  skull,  immediately  under  the  skin.  These  external  processes 
or  prolongations  of  the  ear  are  mostly  wanting  in  bony  fishes,  in 
which  the  membranous  labyrinth  generally  lies  free  in  the  cavity 
of  the  cranium,  close  to  the  brain,  but  partly  inclosed  also  by  the 
bones  of  the  head.  Here  the  labyrinth  is  surrounded  by  the  same 
gelatinous  tissue,  and  viscid  or  unctuous  fluid,  as  fill  the  cavity 
about  the  brain"*"'. 

*  ^  ^  On  the  structure  of  the  ear  in  the  cycloBtomes,  see  the  excellent  work  of 
Moller,  already  quoted. 

'^*  The  BaccuB  vestibuli  used  formerly,  but  erroneously,  to  be  conunonly 
assimilated  to  the  cochlea.  It  bears  a  far  greater  analogy  to  the  sacculus  rotun- 
dus  included  in  the  vestibule  of  the  higher  animals.  See  figures  of  the  auditory 
apparatus  of  fishes  in  Weber,  Breschet,  and  my^  femes  Zootomictt^  Tab.  xxii. 

^  ^  *  My  Elements  qf  Comparative  Anatomy  will  be  found  to  contain  plenty  of 
detail ; — so  also  Miiller's  Physiology,    Fishes  seem  generally  to  have  an  appara- 
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§  294.  In  the  amphibia  we  enoounter  the  greatest  diTersities  in 
the  structure  of  the  organ  of  hearings  which  as  they  are  necessary 
to,  so  are  they  in  harmony  with,  the  different  modes  of  life  in  and  oat 
of  water  that  belong  to  the  several  orders.  In  the  naked  amphibia 
(frogs,  newts,  and  proteuses)  the  cochlea  is  still  wanting  as  in 
fishes.  On  this  account  there  ia  but  a  ^gle  fenestra — the  fenestra 
ovaUs, — which  is  filled  by  a  solitary  auditory  bone, — the  stapes  or 
its  analogue.  The  labyrinth  is  formed  as  in  fishes  ^^.  In  the 
scaly  amphibia  (serpents,  tortoises,  lizards)  we  first  meet  with  a 
conical  shaped  cavity  corresponding  to  the  cochlea  of  mammalis 
and  similar  in  all  respects  to  that  of  birds.  Except  serpents,  the 
scaly  amphibia  have  a  tympanum  closed  by  a  membrane  which  is 
connected  with  the  fenestra  ovaUs  by  means  of  a  staff— or  trumpet- 
shaped  ossiculum  auditus,  (Columella),  the  base  of  which  corresponds 
to  the  base  or  foot-plate  of  the  os  stapedis  in  man.  In  the  crocodile 
only  do  we  find  the  rudiments  of  an  external  ear**  ^  '• 

§  295.  The  smallness  of  the  organ  of  hearii^  in  man  axid  the 
mammalia,  and  the  difficulty  of  demonstrating  its  structure  in  them, 
makes  the  class  of  birds  the  more  acceptable  to  us,  in  as  much  as  in 
them  the  ear  contains  all  the  same  essential  parts  as  that  of  nuunmi* 
ferous  animals,  and  at  the  same  time  offers  every  facility  for  the 
most  mmute  investigation  of  its  structure''  ^^,'  In  its  main  features, 
the  ear  of  the  bird,  save  that  the  cochlea  and  semicircular  canals  are 
more  highly  developed,  resembles  that  of  the  scaly  amphibian.   The 

tus  of  tension^  in  connection  with  the  labyrinth,  as  well  as  the  higher  animali. 
To  this  head  must  be  refened  the  chain  of  distinct,  moveable,  small  bones,  which 
in  many  bony  fishes  we  find  connected  with  the  swimming  bladder,  and  which 
have  been  compared  to  the  ossicula  auditus  of  man  and  mammalia.  Vide  Icona 
Zootonu  Tab.  xxii.  Fig.  xiv.  xv. 

"  ^  ^  Even  in  the  naked  amphibia  we  observe  certain  slight  varieties,  which 
indicate  progressive  improvement  Frogs,  for  example,  have  a  generally  mem- 
branous tympanic  cavity,  and  an  outwardly  visible  membrana  tsrmpani,  parts 
which  in  the  newts  are  wanting.     Farther  details  in  my  Comparaiwe  Anatamff. 

^  ^  ^  See  in  particular  the  works  of  Windischmann  already  quoted,  where  there 
are  good  plates,  copies  of  which  are  supplied  by  my  Iconea  Zootom*  Tab.  xvii. 

"  ^  ^  I  have  been  somewhat  particular  in  describing  the  ear  of  birds,  from  the 
facility  with  which  the  organ  is  examined,  and  preparations  of  it  made  in  this 
class.  The  best  subject  of  all  is  the  owl,  particularly  the  common  barn  owl, 
(Strix  fianimea,)  in  which  all  the  parts  are  of  great  size.  Vide  Icon*  Zaotom., 
Tab.  xii,  Fig.  14 — 18.  More  ample  details  may  be  found  in  Windischmann,  (1.  c. 
Tab.  ii,)  and  in  Breschet,  Org.  de  Vouie  ekez  Us  Oiseaux,  of  which  a  copious 
abstract  by  the  author  exists  in  the  Arm.  des  Sciences  NaL^  Tom.  v.  Paris,  1836. 
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external  ear  is  Btill  uxdfonxily  wantmg ;  some  few^  however— the 
owk — ^have  a  considerable  musculo-membranous  fold  with  which 
they  can  cover  and  uncover  the  orifice  of  the  meatus  auditorius. 
This  canal  is  ample,  but  short,  and  only  bony  behind.  The  mem- 
brana  tympani  is  very  large,  and  consists  of  several  lamellae.  The 
roomy  tympanum  is  in  communication  with  several,  offcen  with  all 
the  bones  of  the  cranium  by  means  of  a  series  of  marrowless  cells, 
and  takes  in  the  Eustachian  tubes,  which  are  mostly  osseous,  meet 
from  opposite  sides  and  terminate  in  a  common  aperture.  The  chain 
of  ossicula  conrasts,  lif.  Of  a  three  cornered  bone,  connected  with 
the  membrana  tympani,  and  corresponding  to  the  malleus ;  2dl  Of 
a  long  staff-like  columella ;  3  J.  Of  a  plate-like  lamina  or  oper- 
culum, which,  like  the  base  of  the  stirrup  bone  in  the  wwuTntrMkliOj 
closes  the  fenestra  ovaJis*^^.  We  observe  no  more  than  a  single 
well  developed  muscle  in  the  ear  of  birds ;  it  corresponds  apparently 
with  the  tensor  tympani  of  mammals,  arises  near  the  articular 
process  of  the  os  oocipitis,  and  proceeds  through  a  short  bony  canal 
to  be  inserted  into  the  cartil^e  of  the  mal^eus^^*.  The  bony  la- 
byrintb,  of  ample  comparative  dimensions,  is  surrounded  by  an  ex- 
tremely loose  or  spongy  bony  substance,  from  which  it  is  cut  with 
perfect  ease.  The  vestibule  is  of  small  size,  but  the  semicircular 
canak  are  generally  large,  particularly  in  the  birds  of  prey  and 
passeres.  The  two  which  curve  outwardly  and  posteriorly  intersect 
one  another ;  the  external  one  lies  horizontally.  The  conical  cochlea 
points  forwards,  downwards,  and  inwards.  The  fenestra  rotunda  is 
closed  by  a  membrane — tympanum  secundarium.  The  membranous 
labyrinth  in  all  essential  particulars, — ^in  reference  to  semicircular 
canak  and  vestibular  saccus — is  formed  on  the  same  plan  as  that 
of  mammalia.  The  saccus  vestibuli  contains  cretaceous-looking 
otolithes, — pulverulent  naasses  formed  of  an  aggr^ate  of  ciystals  of 
carbonate  of  lime  from  T^th  to  T^th  of  a  line  in  diameter.  The 
cochlea  differs  from  that  of  mammalia,  but  bears  the  greatest  re- 
semblance to  that  of  the  crocodile ;  internally  it  includes  two  twisted 

•  11  The  inferior  extremity  of  the  columnar  bone  often  appears  bifurcated, 
and  00  passes  into  the  stirrup-shape  of  the  mammalia,  in  which  again  the  stapes 
is  sometimes  staff-shaped,  as  in  the  kangaroo  and  omithorhynchus.  See  the 
series  of  forms  presented  by  the  stapes  in  the  mammalia,  after  Carlisle,  in  Icon» 
ZdotowL,  Tab.  viii. 

*  ^  *  I  cannot  make  out  more  than  this  single  muscle  in  birds  ;  the  others  de- 
scribed by  Breschet  are  perhaps  ligaments. 
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cartilaginous  plates  of  a  triangular  form,  which  are  united  by  a 
delicate  membrane ;  over  these  lies  folded  another  highly  vascular 
membrane  which  sends  a  sacculate  process  into  the  rounded  termi- 
nal enlargement  of  the  cochlear  cone ;  this  is  the  part  which  is  de- 
scribed imder  the  name  of  lagena.  The  auditory  nerve  enters 
on  the  outer  aspect  of  one  of  the  cartilages^  enlarges  there,  pene- 
trates the  cartilage  by  innumerable  very  fine  filaments,  and  then 
expands  between  the  two  cartilages  upon  the  delicate  membrane 
which  connects  the  cartilages,  and  obviously  corresponds  with  the 
lamina  spiralis  of  quadrupeds ;  a  twig  of  the  nerve  expands  upon 
the  lagena"". 

§  296.  The  auditory  apparatus  of  the  mammalia  is  formed  in  all 
essential  particulars  after  the  type  of  that  of  man.  Every  mem- 
ber of  the  class,  with  the  exception  of  the  omithorhynchus  and 
echidna,  appears  to  have  a  spiral  cochlea,  the  modiolus  or  spindle  of 
which  is  hollow ;  here  the  nerve  penetrates,  to  be  distributed  upon 
the  spiral  lamina.  The  number  of  volutes  or  turns  is  different  in 
different  o-Tiimitla ;  the  length  and  width  of  the  semicircular  canals 
are  also  various.  The  ossicula  auditus — the  malleus,  incus,  and 
stapes — vary  in  their  forms ;  but  in  number  and  general  character 
they  preserve  one  uniform  type,  and  compose  a  moveable  chain, 
which  connects  the  membrana  tympani  with  the  labyrinth. 

In  the  external  ear,  again,  the  greatest  differences  are  observable, 
differences  in  harmony  with  the  varying  external  circumstances, 
surrounded  by  which  animalfl  live.  The  labyrinth  or  internal  ear 
is  always  inclosed  within  the  unusually  solid  bony  mass  of  the  t^n- 
poral  bone,  which  is  the  circumstance  that  renders  the  preparation 
of  the  structure  so  difficult ;  it  is  only  in  the  embryo  and  foetus 
before  birth  that  the  labyrinth  is  surrounded  by  a  softer  and  more 
spongy  osseous  mass**^ 

§  297.  In  man  and  the  higher  mammalia,  the  ear  in  the  course 
of  its  development  passes  through  the  various  stages  of  complete- 
ness, which  we  have  contemplated  in  the  few  last  paragraphs  as 
permanent  forms.  1st,  The  rudiments  of  the  labyrinth  appear,  a 
small  vesicle  being  evolved  on  either  side  from  the  cell  of  the 
medulla  oblongata  (Fig.  XLT,  ff) ;   the  two  vesicles  are  visible 

0^'  Windischmann  gives  a  description  and  representations  of  these  parts; 
loc.  cit.,  and  Treviranus's  ZeUschr,/,  Phydol.,  i,  88.  Tab.  9. 

•»*»  For  details  see  my  Comparative  Anatomy,  Icones  Phymol,,  xxix,  and  /c 
Zooiom^y  Tab.  viii.  Fig.  xv.  and  xvi. 
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behind  the  second  branchial  arch,  and  show  themselves  bj  and  by 
in  the  guise  of  saclets  set  upon  short  pedicles,  which  communicate 
by  wide  openings  with  the  cerebral  celL  (Fig.  XLII,  i.)  The 
originally  rounded  shape  passes  into  one  that  is  more  pyriform.  (Fig. 
LIL,  LIIL,  c.)  A  ring-shaped  capsule  now  embraces  the  thin  rim- 
med vesicle,  which  by  and  by  becomes  of  considerable  thickness,  and 
forms  the  cartilaginous  layer  of  the  labyrinth  or  substratum  of  the 
future  OS  petrosum,  whilst  its  included  vesicle  becomes  transformed 
into  the  membranous  labyrinth.  The  pedicle  elongating,  presents 
itself  as  the  auditory  nerve.  At  this  epoch  the  auditory  appara- 
tus resembles  that  of  the  cephalopoda  (^§  292),  and  partly  also  that 
of  the  cyclostomes  among  fishes  (§  293) ;  it  is  in  fact  a  saccus  ve&- 
tibuli  with  a  cartilaginous  capsule*  *\ 

From  the  rounded  and  elongated  vestibule  three  broad  hollow 
plaits  now  arise ;  these  turn  over  like  arches  and  become  consoli- 
dated with  their  bases,  which  are  turned  towards  the  vestibule ; 
these  are  the  semicircular  canals,  which,  generally  short  and  wide 
at  first,  contract  in  their  arched  portions,  and  enlarge  into  the 
ampulbe  at  their  entrances  into  the  vestibule.  A  division  into 
membranous  and  cartilaginous  ossific  canals  soon  takes  place.  The 
fluid  of  the  vestibular  sac,  having  numerous  cell-like  corpuscles  dif- 
fused through  it,  bears  a  strong  resemblance  to  that  of  the  cerebral 
cells.  But  soon  after  the  histological  separation  of  the  acoustic 
nerve  has  taken  place,  these  particles  disappear,  and  in  the  aqua 
labyrinthi  we  find  certain  crystals  of  carbonate  of  lime— otolithes. 

It  is  more  difficult  to  follow  the  evolution  of  the  cochlea.  It 
arises,  however,  in  the  shape  of  an  anterior  projection  from  the 
saccus  vestibuli  or  auditory  vesicle,  and  then  a  particular  sacculus, 
having  double  layers,  is  formed  as  the  rudiments  of  the  cochlea :  a 
smaller  elongated  and  flattened  saclet  is  found  loosely  inclosed  within 
another  larger  one  of  the  same  form.  The  inner  one  is  an  imme- 
diate prolongation  of  the  original  saccus  auditorius  and  the  nerve ; 
it  becomes  the  spiral,  whilst  the  external  one  forms  the  outer  shell 
of  the  cochlea.  The  inner  turns  of  the  cochlea  rise  at  first  but  very 
little  if  at  all  above  the  outer  ones ;  they  rather  form  a  flat  or  couched 
than  a  cork-screw  spiral,  an  arrangement  that  is  permanent  in  many 
mammiferous  animals.     With  the  farther  development  of  the  coch- 

«  *  >  See  the  History  of  the  Development,  in  the  first  book,  and  Rathke,  On  the 
Evolution  qf  the  Coluber  Natrix,  Konigsberg,  1839. 
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lear  tube  or  modiolus,  the  pyramidal  figure  10  acquired.  It  is  only 
after  the  external  form  is  completed  that  the  lamina  spiralis  is  de- 
veloped***. The  histological  separation  of  the  cartilaginous  tiesne 
takes  place  at  a  very  early  period,  and  the  ossification  of  the  la- 
byrinth probably  precedes  that  of  every  other  part.  The  cavity  of 
the  tympanum,  with  the  Eustachian  tube,  has  but  a  very  isolated 
development,  which  like  that  of  the  ossicula  auditus  is  intimately 
associated  with  the  metamorphosis  of  the  branchial  fissures  and 
branchial  arches*  **.  The  external  ear  is  evolved  from  certain  folds 
that  appear  in  the  common  integuments  :  the  very  first  rudiments  of 
this  part,  however,  have  not  yet  appeared  when  the  development  of 
the  labyrinth  in  all  essential  respects  is  already  completed*  *\ 

Functions  of  the  Avditary  Apparatus. 

§  298.  The  smaUness  of  the  internal  ear  and  the  depth  at  wluch  it 
lies,  make  it  extremely  difficult  to  learn  the  functions  of  its  several 
parts,  the  whole  of  the  most  important  of  which  are  as  good  as 
beyond  the  reach  of  direct  observation  or  experiment.  All  the 
acoustic  experiments  that  have  hitherto  been  instituted  immedi* 
ately  upon  the  ear,  are  so  rude  when  contrasted  with  the  natural 
delicacy  of  the  organ,  that  they  furnish  but  slender  materials 
towards  its  physiology.  For  this  reason  it  is  that  the  study 
of  the  general  form  and  structure  of  the  auditory  apparatus 
throughout  the  animal  series,  in  connection  with  the  simplest  laws 
of  acoustics,  still  supplies  the  principal  grotmds  of  the  physiology 
of  the  ear.  It  may  be  assumed  as  a  certain  fact  that  such  a  sim* 
plification  of  structure  may  take  place  as  shall  reduce  the  organ  (^ 
hearing  to  a  mere  cell,  having  a  specific  nerve  distributed  to  it ; 
this  in  short  is  the  form  in  which  the  ear  presents  itself  to  us  in 
the  molluscs,  crustaceans,  cephalopods,  and  even  in  the  lowest 
fishes.     Here  we  have,  therefore,  nothing  but  a  vestibule,  ndther 

"  *  *  Gunther  has  but  juit  published  an  excellent  account  of  ihe  DevelopmeDt 
of  the  ear  in  man  and  the  higher  mammalia  (Dm  Eniwickelung  dn  Gehoerorgam 
bet  Mentehen  und  hoehem  SaeugethUrmt  Leipz.,  1842,)  from  which  the  preceding 
brief  account  is  derived.    The  figures  are  clearly  and  accurately  drawn. 

*  *  *  Vide  the  first  book  on  Development* 

••♦The  work  of  Seydel,  De  Geneei  Awit  Exterrue  m  Hommibus,  Lips.,  1837, 
cam  Tab^  is  to  be  lecommended  on  this  point 
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conducting  nor  tensiye  apparatus  being  present.  In  no  animal 
whose  life  is  confined  to  the  water  do  we  find  a  cochlea.  As  these 
creatures  in  no  case  breathe  air,  so  are  they  all  without  any  vocal 
apparatus.  It  would  appear  that  there  was  here  a  general  capacity 
to  perceive  sounds  or  noises^  but  no  power  to  appreciate  tone  or 
intonation, — any  of  the  finer  modulations  of  sound.  Animals 
which  live  in  water,  have  obviously  no  need  of  any  special  con- 
ducting apparatus,  like  man  and  the  higher  vertebrata,  which 
receive  the  imdulatory  pulses  proceeding  from  bodies  in  a  state  of 
vibration  through  the  medium  of  the  air,  a  good,  though  not  so 
good,  a  conductor  of  these  pulses  as  liquids  or  solid  substances. 
Sonorous  pulses  are  the  less  perfectly  conducted  the  less  uniform 
the  media  through  which  they  are  transmitted.  The  transference 
of  sonorous  pulses  &om  the  air  to  solid  or  liquid  bodies,  such  as 
water,  is  much  more  difficult  than  that  from  solid  or  liquid  bodies  to 
the  air ;  sonorous  pulses  are  also  transmitted  more  aptly  &om  solid 
bodies  to  water  than  to  air.  As  the  entire  vital  economy  of  the 
animals  that  live  in  water  seems  to  render  more  than  the  simple 
perception  of  sonorous  vibrations  useless,  so  are  they  unfurnished 
with  the  apparatus  necessary  to  assist  the  ear  in  discriminating  the 
nicer  shades  of  tone,  by  giving  different  degrees  of  tension  to  its 
parts,  and  multiplying  the  pulses  by  reverberation:  they  have 
such  an  apparatus  as  suffices  to  transmit  sonorous  vibrations  as 
they  arise  directly  to  an  acoustic  nerve,  nothing  more.  Still  we 
must  conceive  that  some  modification  must  necessarily  be  impres- 
jaed  upon  sonorous  vibrations,  in  reference  even  to  the  very  lowest 
of  the  animals  which  are  endowed  with  hearing,  inasmuch  as  the 
pulses  of  sound  make  their  way  to  the  percipent  nerve  through 
media  of  different  kinds.  Save  in  the  Crustacea,  and  a  few  fishes  ? 
we  always  find  one  or  more  of  the  bodies  called  otolithes,  in  the 
fluid  of  the  auditory  sac,  and  these  thrown  into  vibration  by  son- 
orous pulses,  must  influence  the  terminal  expansion  of  the  auditory 
nerve,  [or  otherwise,  remaining  quiescent,  whilst  the  liquid  aroimd 
them  is  vibrating,  they  must  serve  as  blocks  upon  which  the 
sonorous  vanes  impinge  and  break,  and  so  expend  their  force  on 
the  sensitive  structures  around  them.]  In  the  higher  animals  the 
greatly  complicated  labyrinth,  with  its  vestibular  sacs,  its  otolithecf^ 
its  cochlea,  and  variety  of  structures  histologically  so  distinct — its 
firm  bony  coverings,   its    cartilaginous    and  cellulo-membranous 

3l 
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parts,  its  fluids,  etc,  taken  in  oonnection  with  the  deep  and  care- 
fully defended  situation  of  the  entire  organ,  all  assure  us,  that  to 
a  knowledge  of  the  world  of  sound,  a  peculiar  delicacy,  harmonj, 
and  security  of  organization  were  indispensable**^. 

§  299.  The  external  ear  and  other  associated  apparatus  are  mere 
conductors  of  soimd.  They  receive  sonorous  vibrations,  and  they 
concentrate  and  conduct  them  inwards.  In  man  and  animals  the 
external  ear  corresponds  precisely  in  structure  and  function  with 
the  instrument  which  we  call  an  ear-trumpet.  The  various  eleTi^ 
tions  and  depressions  of  the  external  ear,  adapt  it  peculiarly  to 
catch  the  sonorous  waves  arriving  fi*om  opposite  quarters.  Those 
that  impinge  upon  the  concha  from  before  and  finom  the  side,  are 
most  readily  caught  and  appreciated.  The  form  of  the  external 
ear,  and  the  mode  in  which  it  is  applied  to  the  head,  in  various 
individuals,  are  by  nd  means  matters  of  indifference.  In  caMs 
where  the  concha  is  smidl,  shallow,  and  lies  flat  upon  the  akuU, 
the  hearing  is  in  general  less  acute  than  it  is  where  the  outer  ear 
is  large,  deep,  and  projects  somewhat  from  the  side  of  the  head^'* 
When  the  external  ear  is  wanting  or  imperfectly  formed,  as  also 
when  it  has  been  lost,  the  sharpness  of  the  hearing  commonly  suf- 
fers''*\     The  importance  of  the  external  ear,  however,  has  rather 

"  *  ^  It  is  easy  by  very  simple  experiments  to  have  a  demonstration  of  the 
different  conducting  powers  of  different  media:  a  watch  held  in  the  hand  is 
heard  infinitely  better  when  it  is  made  to  touch  the  teeth,  than  when  it  is  kept 
free  on  all  sides,  or  is  laid  upon  the  tongue.  A  small  tuning  fork  suspended  en 
a  string  introduced  upon  the  point  of  a  finger  within  each  meatus  auditorious, 
sounds  like  a  great  bell  when  it  is  slightly  struck,  &c  The  peripheral  nerves  of 
the  head  have  also  been  supposed  to  have  some  share  in  propagating  acoustic 
impressions  to  the  internal  ear.  In  a  case  of  paralysis  of  the  facial  nerve  of  one 
nde,  Arnold  believed  that  the  beating  of  a  watch  was  less  distinctly  heard,  when 
applied  to  the  affected,  than  to  the  healthy  side.  This  fact  has  been  otherwise 
explained  by  Miiller,  who  ascribes  it  to  a  reflex  action,  passing  from  the  facial 
and  fifth  through  the  brain  to  the  auditory  nerve. 

"**  Mr.  Buchanan,  of  Glasgow,  made  some  experiments  on  this  point,  and 
found  that  the  best  angle  at  which  the  ear  can  be  set  upon  the  head  in  order  to 
catch  the  greatest  number  of  sonorous  pulses,  is  about  40*".  If  the  concha  be 
narrow,],aind  lies  flat  against  the  head,  so  that  it  forms  an  angle  of  no  more  than 
15**  with  the  head,  the  hearing  is  rarely  if  ever  acute ;  if  the  concha,  however, 
be  broad  and  deep,  although  the  angle  of  attachment  be  small,  still  the  hearing 
may  be  very  acute. 

«<^  See  in  Lincke,  (1.  c.  p.  443,)  the  conclusions  of  Bartholin,  Haller,  and 
others,  from  which  it  ^pears  that  persons  who  have  lost  their  ears  are  usually 
duller  of  hearing  than  otiiers. 
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been  over  than  underrated ;  and  nnmerons  inBtances  have  occurred 
in  which  its  loss  has  had  little  or  no  effect  upon  the  sense  of  hear- 
ing *'.  The  motions  of  the  concha  have  a  distinct  effect  upon  the 
hearing.  Animals,  such  as  horses,  which  have  yery  moveable 
external  ears,  fiirmshed  with  numerous  and  powerful  muscles,  make 
use  of  them  as  a  deaf  man  does  of  his  ear-trumpet,  directing  them 
to  the  quarters  whence  sonorous  pulses  come*'**'.  In  the  himian 
subject,  the  muflcles  of  the  external  ear  are  generally  but  slightly 
developed,  and  the  ear  is  either  immovable,  or  susceptible  of  but  a 
very  trifling  degree  of  motion.  Some  individuals,  however,  and 
certain  savage  tribes,  have  the  power  of  raising  and  directing  the 
ear  forwards,  so  that  it  makes  a  larger  angle  with  the  skull  when 
they  listen* •°.  The  external  ear  is  not  a  reflector  only;  by  rea- 
son of  its  elasticity  it  is  thrown  into  vibration,  and  so  becomes  a 
direct  conductor  of  sound  ;  when  the  meatus  auditorius  is  stopped, 
Ixxlies  brought  into  contact  with  the  concha  are  heard  better  than 
they  are  at  ever  so  short  a  distance. 

§  300.  The  auditory  canal — the  meatus  auditorius  receives  the 
sonorous  pulses  immediately,  and  conducts  them  to  the  membrane 
of  the  tympanum.  The  sound  is  at  the  same  time  strengthened  by 
reflection  from  the  walls  of  the  meatus,  and  the  resonance  of  the 
mass  of  air  which  it  incloses ;  the  walls  of  the  passage,  moreover, 
are  solid  conductors  of  sound.  It  is  very  possible  that  the  dimen- 
sions of  the  meatus  auditorius  extemus  may  exert  an  influence  on 
the  delicacy  of  the  hearing""' ;  one  cause  indeed  of  the  compara- 
tive imperfection  of  hearing  in  infants  and  very  young  children,  has 

***  This  from  the  experience  of  Itard,  Wepfer,  &e.    Vide  Lincke,  p.  442. 

***  In  the  hone,  as  many  as  seventeen  different  muscles  of  the  ear  have  hedh 
descrihed.  See  the  representation  of  them  which  has  heen  given  hy  Gurlt : 
yinai.  qf  Domestic  MammaUa^  Tab.  42. 

*^^  Almost  everyone  must  have  met  with  persons  having  such  a  faculty. 
Haller  has  collected  a  list  of  cases :  EUmmta  PkytioL,  vol.  v.  p.  190;  and  Sir  A. 
Cooper  knew  a  young  man,  having  perforation  of  the  tympanum  on  both  sides, 
who  could  depress  the  ear  at  pleasure,  a  faculty  which  he  used  freely  in  listening  : 
PkUot.  Trani,f  1800. 

*'i  It  is  in  this  way  that  some  explain  the  instinctive  opening  of  the  mouth 
which  is  BO  characteristic  of  eager  listening ;  the  dropping  of  the  jaw  is  held  to 
widen  the  meatus  auditorius  somewhat  in  its  anterior  part.  Larrey  and  others 
have  maintained,  that  the  loss  of  the  dentes  sapientise,  and  large  grinders,  occa^ 
sions  hardness  of  hearing,  by  changing  the  position  of  the  articular  surface  of  the 
lower  jaw,  giving  it  a  direction  backwards,  and  upwards. — Larrey,  in  Jaum, 
Cifmpfemeni,,  T.  xiii. 
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been  referred  to  the  shortness  of  the  external  auditory  passage*". 
The  precise  influence  of  the  cerumen  upon  the  sense  of  hearing,  has 
not  been  accurately  ascertained ;  it  would,  however,  seem  to  do  more 
than  prevent  the  ingress  of  insects  and  foreign  bodies  into  the  ear, 
inasmuch  as  when  the  passage  is  dry  finom  a  deficiency  of  oemmen, 
the  hearing  is  less  clear  and  perfect  than  it  ought  to  be — ^the  walk 
of  the  passage  appear  to  enter  into  stronger  vibration  than  is  pro- 
per, and  this  either  confuses  the  sonorous  piilses,  or  in  some  other 
way  impedes  their  due  transmission  to  the  tympanum.  Too  huge 
a  secretion  of  cerumen,  on  the  contrary,  and  any  accumulation  of 
this  substance  within  the  meatus  auditorius,  are  firequent  causes  of 
oonAised  hearing,  or  of  absolute  deafness*'*. 

§  301.  In  the  cavity  of  the  tympanum  we  observe  extremely 
complicated  relationships  coming  into  play.  The  chain  of  auditory 
bones  appears  to  serve  both  as  an  apparatus  of  conduction,  and  as  one 
of  tension.  The  membrana  tympani  is  first  a  defence  for  the  deli- 
cate internal  ear :  when  it  has  been  perforated,  although  the  hearing 
may  not  have  suffered  materially,  yet  air,  water,  etc.  being  now 
apt  to  penetrate  into  the  cavity  of  the  tympanum,  occasion  incon- 
venience or  a  greater  degree  of  excitement***.     The  membrane  of 

«••  Autenrieth  and  Kemer,  (Rei]*B  ^rcAto,  B.iz,  S.  324,)  see  in  the  absence 
of  the  funnel-shaped  external  ear,  and  the  imperfect  conducting  powers  of  the 
bones  of  the  head  in  children,  ihe  cause  of  the  pleasure  they  take  in  loud,  and  to 
adults,  often  distressing  noises,  &c 

*"  The  views  we  have  upon  the  uses  of  the  cerumen  appear  to  have  no  surer 
foundation  than  mere  hypothesis.  According  to  Buchanan,  the  cerumen  senes 
to  render  the  sonorous  pulses  more  melodious  and  more  readily  appreciated. 
Lincke  observed  that  when  the  secretion  of  cerumen  was  defective,  the  delicscy 
of  the  hearing  suflTered.  The  end  answered  by  the  cerumen  and  the  fine  hairs  at 
the  entrance  of  the  meatus  auditorius,  is  commonly  said  to  he  the  prevention  of 
dust,  insects,  &c.,  finding  access  to  the  ear.  The  structure  of  the  ceruminous 
glands  had  been  little  investigated  until  I  gave  figures  of  them,  and  showed  them 
very  analogous  in  constitution  to  sudoriparous  glands — ^they  consist  of  a  duct  and 
a  simple  lengthened  sac,  rolled  up  on  itself,  vide  Fig.  CLXXXVII.  Bnchanan 
estimated  their  number  at  from  one  to  two  thousand,  which  is  pi^obably  too  msnj. 
According  to  Bercelius,  the  cerumen  is  a  kind  of  emulsion,  a  combination  of  s 
soft  fat  and  albumen,  besides  an  extractive  matter  of  a  peculiar  nature,  presenting 
itself  in  the  form  of  a  yellow  and  extremely  bitter  substance,  soluble  in  sleohol, 
and  another  extractive  matter  soluble  in  water,  and  having  lactates  of  lime  and 
potash  as  ingredients. 

***  In  the  cases  of  perforation  of  the  tympanum  which  Lincke  has  collected 
from  Cooper,  Himly,  and  Michaelis,  pain,  deafness,  and  inflammation  were  pro- 
duced by  the  access  of  sharp  cold  air,  of  the  water  in  bathing,  &&,  to  the  cavity 
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the  tympanum  is,  farther,  an  admirable  conductor  of  sound ;  it  is  so 
placed  that  the  sonorous  pulses  which  penetrate  the  meatus  extemus, 
as  well  as  those  that  arrive  by  the  Eustachian  tube,  fall  upon,  and 
throw  it  into  vibrations,  which,  in  reference  to  weak  pulses,  appear 
to  act  as  condensers  or  strengtheners,  in  reference  to  more  powerful 
waves,  probably  as  refractors  or  reflectors.  The  difierent  degrees 
of  tension  of  the  membrane,  its  thickness,  density,  state  of  dryness 
or  moistness,  etc.  have  all  a  decided  influence  upon  its  aptness  to 
participate  in  the  vibrations  or  sonorous  pulses  that  reach  it.  The 
m^nbrana  tympani  always  vibrates  S3mchronously  or  harmoniously 
with  the  ground  tone  "" '  ^.  The  integrity  of  the  membrana  tympani, 
however,  seems  in  no  way  indispensable  to  hearing ;  the  membrane 
may  be  perforated  and  partially  destroyed  without  any  very  remark- 
able implication  of  the  sense  ensuing.  In  such  cases,  nevertheless, 
the  general  rule  is  that  a  certain  degree  of  dulness  of  hearing  is  the 
consequence*'". 

§  302.  Besides  the  functions  of  the  membrana  tympani  now 
mentioned,  there  are  others,  which,  however,  are  rather  referable 
to  its  connection  with  the  chain  of  auditory  bones,  and  depend  es- 
pecially on  the  tensor  tympani  muscle.  When  this  muscle  contracts, 
the  handle  of  the  malleus,  and  of  course  the  part  of  the  membrana 
tympani  which  adheres  to  it,  are  drawn  inwards,  by  which  the 
membrane  becomes  more  funnel-shaped,  and  is  rendered  more  tense 
than  it  was  before.  The  imbradng  of  the  membrana  tympani 
follows  apparently  from  the  relaxation  of  the  muscle  just  mentioned. 
The  existence  of  any  muscle  or  set  of  muscles  with  the  title  laxatores 
tympani  is  extremely  doubtful ;  the  textures  that  have  been  so  desig- 
nated have  been  lately  desci:ibed  as  simple  tendinous  or  ligamentous 
bands,  connecting  the  malleus  to  surrounding  parts  ;  but  there  is  this 

of  the  tympanum.  The  suhjects  of  these  cases  all  found  it  necessary  to  protect 
their  ears  hy  plugs  of  cotton  wool. 

« 3  ^  See  an  account  of  the  experiments  on  the  vihrations  of  tightened  mem- 
branes, instituted  by  Savart.  Ann,  det  Chimie  et  Phynque,  Tom.  26.  Thin  plates 
of  wood  ,  ivory,  glass,  metal,  nay,  the  membrane  of  the  tympanum  itself,  when 
thrown  into  vibration  by  powerful  tones  in  their  vicinity,  cast  off  fine  sand  or 
lycopodium  powder  strewed  upon  their  surface. 

***  Lin  eke  informs  us,  that  from  the  cases  he  had  collected,  the  hearing  in 
general  did  not  appear  to  have  suffered.  But  in  no  instance  can  the  history  be 
held  as  altogether  satisfactory  and  complete.  Entire  destruction  of  the  membrana 
tympani,  implying  the  loss  of  its  support  by  the  malleus,  is  always  attended  with 
dulness  or  loss  of  hearing. 
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to  be  said  in  favour  of  the  muscalar  natureof  these  bands,  that  ctobb 
streaked  fibres  similar  to  those  of  the  animal  life  have  heesa  obaeorved 
in  them''\  There  can  be  no  question  of  the  membrane  of  the  tym- 
panum being  braced  in  different  degrees  according  to  the  different 
intensities  of  the  sounds  that  impinge  upon  it.  It  was  an  ^Tor, 
howeyer,  to  suppose,  as  was  formerly  done,  that  the  membrane  of 
the  tympanum  is  relaxed  under  very  powerfdl  sounds,  and  tightly 
braced  under  very  gentle  tones* '  *.  Physical  experiments  have  shown, 
on  the  contrary,  that  the  extent  of  vibration  in  vibrating  membranes 
is  lessened  by  every  degree  of  increased  tension" ''•  A  medium 
degree  of  tension  in  the  membrana  tympani,  such  as  that  in  which 
it  is  habitually  found,  seems  to  be  best  adapted  to  the  appreciation 
of  delicate  tones,  inasmuch  as  by  the  distinct  vibrations  that  are  set 
up  in  it  imder  their  influence,  they  are  more  readily  transmitted  to 
the  labyrinth.  The  membrana  tympani  is,  therefore,  fairly  enough 
to  be  compared  to  the  iris,  which  contracts  ever  the  more  powerfully 
the  stronger  the  light  that  impinges  upon  it ;  in  the  same  way,  the 
membrana  tympani  is  dtawn  in  more  powerfully  in  proportion  to 
the  loudness  of  the  sound,  and  this  in  order  to  prevent  too  powerful 
an  impression  being  made  upon  the  labyrinth.  Both  motions  follow 
from  a  reflected  nervous  action, — the  stimulus  to  the  nerve  of  sense 
is  reflected  through  the  medulla  oblongata  upon  the  motory  fibrils 
of  the  iris  and  tensor  tympani,  which  then  contract.     For  this 

* '  ^  That  the  membrana  tympani  includes  muscular  fibres  hi  its  middle  layer, 
as  maintained  by  Home,  Meckel,  Buchanan,  &c.,  is  a  view  that  is  now  generally 
abandoned.  The  middle  lamina  appears  to  consist  of  tendinous  or  elastic  fibres. 
The  muscular  nature  of  the  two  bands  that  used  formerly  to  be  regularly  described 
as  muscles :  the  M*  mallei  externus,  s«  laxatoi  tympani  major,  and  the  M.  laxator 
tympani  minor,  has  been  called  in  question  by  Treviranus,  Lincke,  and  Jo.  Miil* 
ler.  I  have  not  myself  been  able  to  find  any  such  muscles  in  examining  the  ear 
of  subjects  in  whom  the  tensor  tympani  was  particularly  well  developed.  Rrause 
has,  however,  very  lately  maintained  that  in  the  M.  mallei  externus,  when  it  u 
well  developed,  cross  streaked  muscular  fibres  may  be  distinctly  recognised,  a 
fact  which  if  confirmed  would  place  its  muscular  nature  beyond  all  question. 
Krause  does  not  admit  any  laxator  tympani  muscle.  See  his  Human  Anatwmf. 
(Hundb,  d*  Merueh,  Anatcnuey  2,  Aufl.  i.  p.  495). 

«**  Bichat  and  others.  Vide  Lincke,  1.  c.  p.  478. 

«SB  The  experiments  of  Savart  show  that  slackly  stretched  membranes,  when 
thrown  into  motion  by  sounding  bodies'  in  their  vicinity,  cast  ofiT  sand  with 
greater  force  than  when  they  are  more  tightly  stretched.  In  experimenting  with 
the  membrana  tympani  immediately,  he  concluded  that  the  hearing  was  repressed 
or  rendered  duller,  in  states  of  high  tension  of  the  part  Tliese  experiments  of 
Savart  were  confirmed  by  Miiller. 
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reason  it  is  that  a  certain  d^ee  of  dulncss  of  hearing  in  reference 
to  very  delicate  tones  accompanies  a  highly  tense  state  of  the  mem- 
brana  tympani'^^.  It  is  easy  to  obtain  conviction  of  this  fact  by 
some  simple  experiments  on  ourselve&  When  we  attempt  to  inspire 
with  the  mouth  shut  and  the  nose  held,  the  air  contained  in  the 
cavitas  tympani  is  pumped  through  the  Eustachian  tube  and  rarified, 
80  that  the  external  atmosphere  then  presses  the  membrana  tympani 
inwards,  upon  which  the  hearing  inunediately  becomes  duller. 
The  air  again  finding  access  to  the  tympanum  through  the  Eustachian 
tube,  the  equilibrium  between  the  two  columns  is  soon  restored. 
Something  of  the  same  kind  virtually  ensues  when  the  effort  is  ex- 
piratory, instead  of  inspiratory :  the  air  being  forced  through  the 
Eustachian  tube  into  the  cavity  of  the  tympanum,  is  condensed 
there,  the  membrana  tympani  is  pushed  outwards,  and  in  this  way 
rendered  more  tense.  In  either  case  the  equilibrium  of  the  column 
(^  air  on  either  side  of  the  membrana  tympani  is  not  immediately  re- 
stored, by  reason  apparently  of  the  very  narrow  passage  through  the 
Eustachian  tube ;  and  this  circumstance  explains  the  inconvenience 
that  is  experienced  when  atmospheres  of  very  different  density  are 
encountered  in  quick  succesdon,  as,  for  instance,  when  the  diving 
bell  is  entered,  or  when  lof^  mountains  are  ascended  rapidly'^ \ 
As  the  iris  is  accommodated  at  every  instant  to  the  varying  intensity 
of  the  light,  so  is  the  membrana  tympani  incessantly  harmonized  in  its 
state  of  tension  with  the  nature  of  the  sonorous  pulses  that  impinge 
upon  it.  There  appears  to  be  this  difference,  however,  between  the 
two ;  that  whereas  the  movements  of  the  iris  are  automatical,  those  of  the 
tensor  tympani  are  not  altogether  so ;  they  can,  at  least,  be  voluntarily 
excited  in  many  individuals.  When  we  fix  our  attention  strongly 
on  the  organ  of  hearing,  and  make  an  effort,  we  are  aware  of  a  slight 

*^^  According  to  Wollaston  and  Muller,  dullness  of  hearing  is  very  rarely 
indeed  general,  or  equal  in  regard  to  all  soimds.  Tones  in  a  Ligh  pitch,  even 
when  weak,  are  commonly  much  better  heard  by  deaf  people  than  deep  tones, 
however  loud.  In  such  cases  the  over-tension  of  the  membrana  tympani,  in 
consequence  of  a  kind  of  habitual  spasmodic  state  of  its  tensor  muscle,  may  be 
the  cause  of  the  deafness. 

*^^  Du  Hamel  and  Colladon  have  given  an  account  of  the  sensations  induced 
by  the  compressed  air  of  the  diving  bell.  The  former  experienced  very  severe 
pain  in  the  ears,  the  latter  had  only  a  feeling  of  pressure  on  the  head.  He  heard 
the  conversation  of  the  work-people  under  the  bell  either  with  great  difficulty 
or  not  at  all.    Froriep's  NoUsten,  B.  i.  S.  97. 
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mstliiig  or  crackling  noise,  somewhat  analogous  to  that  which  we 
perceive  when  we  make  a  strong  inspiratory  movement  whilst  holding 
the  nose  and  shutting  the  mouth' ^*.  In  a  general  way,  however, 
the  action  of  the  tensor  tympani  is  only  appreciated  when,  at  the 
same  time  that  the  inspiratory  effort  is  made,  the  soft  palate  israised, 
and  the  act  of  deglutition  is  performed.  It  is  possible,  therefore, 
that  the  tension  of  the  tympanum  depends  less  directly  upon  the 
influence  of  the  will,  than  upon  the  motion  of  the  muscles  of  deg- 
lutition, by  the  contraction  of  which  some  ur  may  be  pumped  out  of 
the  cavitas  tympanL 

§  303.  The  Eustachian  tube  is  beyond  all  question  of  essential 
consequence  as  part  of  the  auditory  apparatus.  If  it  gets  obstract- 
ed,  there  is  forthwith  singing  in  the  ears,  indistinctness  of  hearing, 
or  positive  deafness  ***,  Its  principal  or  sole  office  is  to  establish 
static  equilibriiun  between  the  air  included  in  the  tympaniun,  and 
that  of  the  external  atmosphere  (§  303)***.  The  ciliary  move- 
ments that  go  on  over  its  mucous  membrane  may  tend  to  the  reno- 
vation of  the  air  within  the  tympanum ;  but  must  be  much  more 
efficient  in  brushing  out  mucus,  epithelial  cells,  etc.,  from  its  cavity. 
All  else  that  has  been  said  in  regard  to  the  uses  of  the  Eustaduan 
tube  is  either  purely  hypothetical,  or  obviously  erroneous'^*. 

'^*  Fabridus  ab  Aquapendente  informs  us  that  he  could  cause  a  noise  io  his 
ears  at  pleasure ;  and  MuUer  (PhyMogy),  and  Theile  (Schmidt's  Encffdop*  B.  iii)t 
have  spoken  of  the  point  in  detail.  For  my  own  part,  I  have  never  been  able 
to  induce  these  sounds  save  by  raising  the  soft  palate,  and  performing  the  act 
of  deglutition. 

« ^*  Erery  slight  cold  we  catch  that  extends  to  the  throat  and  Eustachian  tube, 
satisfies  us  of  the  above.  Cooper  met  with  a  case  in  which  a  preternatural  con- 
traction of  the  Eustachian  tube  interfered  greatly  with  the  free  access  of  the 
air  to  the  tympanum.  The  patient  when  he  wished  to  hear  was  in  the  habit  of 
first  blowing  with  his  mouth  and  nose  closed  till  he  had  distended  the  drum; 
he  then  by  means  of  gentle  pressure  with  the  point  of  a  finger  fitted  into  the 
meatus  extemus,  forced  out  so  much  of  the  air  again  as  was  required  to  give  the 
membrana  tympani  freedom  to  vibrate,  and  in  this  way  he  immediately  exalted 
his  powers  of  hearing*  In  the  body  of  a  day  labourer,  who  for  several  years  bad 
complained  of  incessant  noises  in  his  left  ear,  Fleischmann  found  a  barley-awn 
fixed  in  the  left  Eustachian  tube,  and  projecting  about  a  line  beyond  its  extremity* 
(  Hufeland*s  Jounud,  1835) . 

'^^  Hence  the  frequent  use  of  probing  the  Eustachian  tube,  the  object  of 
which  is  the  same  as  that  which  has  been  proposed  to  be  effected  less  eligibly  by 
perforating  the  membrana  tympani,  and  trepanning  the  mastoid  process. 

"^^  I  allude  among  others  to  the  idea  of  Henle,  who  compares  the  Eustachian 
tube  to  the  hole  in  a  violin,  and  the  membrana  tympani  to  the  sounding  board 
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§  304.  The  tympanum — cavitas  tympani — is  a  cavity  indispen- 
sable to  the  free  vibration  of  the  membrane  which  bounds  it  exter- 
nally, and  is  found  in  all  animals  that  live  in  air.  Moreover,  the 
air  whidi  it  includes  reverberates,  and  the  walls  and  neighbouring 
spaces  and  cells  reflect  sonorous  pulses,  which  thus  fall  strength- 
ened upon  the  walls  of  the  Ubyrinth,  and  particularly  upon  the 
fenestra  ovalis  of  the  cochlea.  The  chain  of  bones,  again,  as  solid 
parts,  transmit  the  pulses  from  the  membrane,  even  better  than 
the  air.  The  sonorous  pulses  received  by  the  membrane,  and  re- 
flected from  the  walls  of  the  tympanum,  centre  in  the  ossicula,  and 
undergo  condensation,  as  it  were,  in  them.  The  manubrium  of  the 
malleus  receives  the  pulses  frx>m  thd  membrana  tympani  immedi- 
ately ;  from  hence,  they  proceed  to  the  head  of  the  malleus,  and 
then  they  go  on  to  the  incus  and  stapes,  which  carry  them  forward 
to  the  labyrintL  The  step-like  combination  of  the  ossicula  audi- 
tus  proves  no  impediment  to  the  transmission  of  sonorous  waves ; 
for  by  the  laws  of  acoustics,  waves  are  propagated  in  the  line  of 
their  original  direction,  athwart  cross-lying  and  slanting  bodies"*'. 
There  can  be  no  doubt  but  that  the  auditory  ossicles  serve  for  the 
conveyance  of  sound ;  the  idea  that  they  serve  exclusively  as  con- 
ducting media,  however,  appears  to  be  extremely  improbable**'. 
A  principal  office  of  the  curiously  articulated  chain  of  the  ear- 
bones  with  their  muscular  apparatus,  is  unquestionably  to  exert  a 
tensive  influence  on  the  labyrinth"  *•.  This  view  is  vouched  for, 
lit.  By  the  articulated  form  of  the  chain,  and  the  necessity  of  the 
sonorous  pulse  proceeding  through  dissimilar  media — from  bone  to 

of  the  same  instrument.  The  tone  of  a  violin  hecomes  damped  when  the  holes 
are  closed,  in  consequence  of  the  air  which  it  contains  heing  now  prevented  from 
vibrating  freely  in  harmony  with  the  outer  air  and  the  walls  of  the  instrument. 
ITie  notions  of  Araemann,  Sprengel,  Prochaska,  and  others,  who  held  that  the 
Eustachian  tube  existed  for  the  purpose  of  conducting  the  proper  voice  of  the 
speaker  into  the  tympanum,  and  so  making  it  appreciable  to  himself,  are 
obviously  erroneous. 

•  ♦•  Savart  showed  that  the  conduction  of  sounds  by  plates  which  are  connected 
together  perpendicularly,  and  at  different  angles,  took  place  in  the  direction  of 
the  original  impulse. 

6  47  « 4s  Almost  all  recent  physiological  writers  err  in  regarding  the  ear-bones 
as  exclusively  or  all  but  exclusively  conductory  means ;  Carus  has  escaped  the 
general  misteke,  and  says  with  great  propriety,  that  "  the  ossicula  are  by  no 
means  destined  for  the  conduction  of  the  sonorous  waves  alone,  but  that  they 
parUy  also,  and  very  ementiaUy,  constitute  an  apparatus  of  tension  for  the  audi- 
tory sac" 

3  M 
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cartilage,  from  cartilf^e  to  bone  again,  etc.  Were  simple  con- 
duction the  principal  consideration,  a  single  unarticulated  rod  of 
bony  substance  would  have  been  a  mudi  more  efficient  instrument 
than  a  chain  of  bones  interrupted  by  articulations.  2d,  The 
mobility  of  this  chain,  (particularly  of  the  stapes,  which  has  a 
peculiar  and  considerable  muscle — the  M.  stapedius)  and  its  entire 
anatomical  structure  is  sudi,  that  not  only  do  sonorous  pulses  pass 
through  it  to  the  aqua  labyrinthi,  but  an  actual  pressure  upon 
the  membranous  labyrinth,  and  a  tension  of  the  membraniform 
expansion  of  the  auditory  nerve  are  effected  by  its  means*  **, 
The  minuteness  of  the  parts,  and  their  inaccessability,  unfortunately 
oppose  a  barrier  to  everything  like  direct  experiment  upon  them. 
But  we  can  see  that  the  sonorous  waves  reach  the  labyrinth  from 
the  membrana  tympani,  in  three  distinct  ways :  (a)  A  portion  of 
the  pulses  reflected  from  the  walls  of  the  tympanum  reaches  the 
external  wall  of  the  vestibule  immediately,  this  being  at  the  same 
time  the  internal  or  posterior  wall  of  the  tympanum ;  (i)  Other 
pulses  are  thrown  upon  the  fenestra  rotunda,  and  in  this  way, 
and  very  directly,  reach  the  cochlea ;  (c)  A  third  set  of  pulses  travel 

*^'  The  stapedius,  the  smallest  muscle  of  the  human  body,  appears  to  stand 
to  the  labyrinth  in  the  same  relation  as  the  tensor  to  the  membrana  tympani. 
It  is  very  securely  lodged  in  the  funnel-shaped  cavity  of  the  eminentia  papil- 
laris, from  whose  opening  the  delicate  tendon  passes  into  the  cavity  of  the  tym- 
panum,  and  becomes  attached  to  the  posterior  edge  of  the  neck  of  the  stapes. 
When  it  contracts,  the  head  of  the  stapes  is  drawn  backwards,  so  that  the  bone 
librating,  the  posterior  extremity  of  its  base  is  pressed  more  deeply  into  the  fenes- 
tra oralis,  by  which  the  vestibular  sacculus  of  the  utriculus  communis  s.  audi- 
torius  is  rendered  tense,  whilst  the  anterior  extremity  of  the  base  tends  to  rise 
out  of  the  opening.     (Vide  Krause's  Jnat.,  p.  498.)    Miiller  thought  that  the 
action  of  the  stapedius  was  unknown.    The  only  effect  hitherto  ascribed  to  it, 
was  the  tension  of  the  membrane,  which  connects  the  foot  or  base  of  the  stirmp- 
bone  with  the  fenestra.    Arnold  rightly  refers  to  an  effect  upon  the  fenestra 
rotunda :  the  aqua  labyrinth!  must  suffer  compression,  he  says,  by  which  the 
fluid  in  the  scala  vestibuli  of  the  cochlea  will  necessarily  influence  that  which 
is  contained  in  the  scala-tympani,  so  that  the  tension  of  the  tympanum  secnn- 
darium,  or  membrane  of  the  fenestra  rotunda,  will  be  varied,  and  the  faintest 
pulses  of  the  air  of  the  tympanum  made  apt  to  reach  the  fluid  of  Cotunnius. 
Arnold  thinks  it  probable  that  the  stapedius  muscle,  which  receives  a  twig  from 
the  facialis  or  portio  dura,  comes  into  action  especially  during  attentive  listening, 
and  that  the  delicacy  of  the  hearing  is  increased  m  the  manner  indicated.     As 
the  long  process  of  the  incus  is  drawn  inwards  by  the  elevation  of  the  stapes,  it 
must  be  conceded  that  there  is  at  the  same  time  a  movement  in  the  entire  chain 
of  the  ear-bones,  the  membrana  tympani  being  likewise  drawn  Inwards,  and  so 
rendered  more  tense.     Vide  f  202.     The  entire  physiology  of  the  muscles  of 
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through  the  solid  chain  of  ossicula  immediately  from  the  membrana 
tympaoi  to  the  aqua  labyrinthL  This  last  conduction  must  be  held, 
upon  acoustic  grounds,  the  most  powerful  of  any"  *°.  The  presence 
and  integrity  of  the  stapes  are  of  the  very  highest  consequence  to 
audition ;  if  it  be  injured,  or  be  wanting,  perfect  deafness  is  the 
consequence"**. 

§  305.  We  have  nothing  but  hypothesis  as  to  the  manner  in 
which  sounds  are  transferred  to  the  labyrinth  and  auditory  nerve ; 
yet  by  attentively  considering  the  morphology  and  histology  of  the 
several  parts,  having  at  the  same  time  an  eye  upon  their  evolution 
in  the  animal  series,  it  would  seem  that  something  like  firm  foot- 
ing may  be  attained  in  considering  the  subject.  Several  conditions 
for  instance  occur  universally,  and  may  therefore  be  looked  upon 
as  essential.  Among  these  we  have :  1st,  The  Aqua  labyrinthL 
Whatever  the  medium  through  which  the  sonorous  pulses  pass,  be 
it  air  or  water,  are  they  transmitted  immediately  by  the  bones  of 
the  cranium,  or  through  a  chain  of  particular  bones,  or  independ- 
ently of  these,  in  every  instance  are  these  pulses  finally  transferred 
to  the  auditory  nerve  by  the  medium  of  a  labyrinthine  fluid. 
The  excitement  of  the  several  primitive  fibrils  of  the  auditory 
nerve  might  be  expected  to  follow  in  the  most  equable  manner 
possible  under  the  influence  of  the  pulsatory  undulations  of  a  fluid, 
which  bathes  them  immediately,  and  penetrates  between  the  meshes 
of  their  terminal  plexus.  In  animcJs  which  live  in  air,  the  com- 
munication of  the  sonorous  waves  must  also  be  more  perfect 
through  the  medium  of  the  aqua  labyrinthi  than  it  could  have  been 
without  it,  inasmuch  as  these  waves  are  more  readily  transmitted 
from  the  air  to  fluids  by  means  of  an  outstretched  membrane,  than 
by  unyielding  or  immovable  parts.    2rf,  An  auditory  sac  surrounded 


the  internal  ear  requires  a  new  and  critical  revision ;  in  the  course  of  which,  com- 
parative anatomy  would  he  found  of  essential  service. 

"*^  It  is  an  ascertained  fact  that  a  small  solid  hody  set  hy  means  of  a  mem- 
branous rim  within  an  aperture,  conducts  sonorous  pulses  from  air  to  water — 
from  the  tympanum  to  the  aqua  lahyrinthi — much  hetter  than  parts  connected 
solidly.  Tlie  conduction  becomes  greatly  more  perfect  still,  when  the  solid 
body  which  closes  the  aperture  is  connected  with  the  middle  of  an  outstretched 
membrane  in  contact  with  the  air  on  either  side ; — and  this  is  precisely  the 
arrangement  that  obtains  in  the  tympanum.    Vide  Miiller,  Physiol,  sub.  cap. 

«Ai  When  the  stapes  is  lost,  the  aqua  labyrinthi  escapes,  and  the  expanded 
portion  of  the  auditory  nerve  of  course  suffers.    Lincke,  p.  466. 
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by  and  filled  with  a  fluid — the  Saccus  auditorius — ^which  in  its 
simplest  form  represents  the  vestibular  sac,  and  hangs  free,  being 
only  connected  by  the  auditory  nerve,  and  extremely  delicate 
vessels,  within  a  very  firm  cartilaginous  or  bony  capside,  conditions 
which  are  found  recurring  even  in  the  most  complicated  fashions 
of  the  labyrinth.  By  these  means  the  greatest  degree  of  protec- 
tion and  quiet  are  secured  to  the  properly  sensitive  portion  of  the 
auditory  nerve,  at  the  same  time  that  the  most  perfect  and  facile 
access  to  sonorous  pulses  arriving  from  every  side  is  assured,  and 
their  reflection  and  condensation  by  the  singularly  solid  substance 
of  the  capsule — the  petrous  portion  of  the  temporal  bone — is  pro- 
vided for.  3dy  Solid  bodies— otolithes — either  hard  stony  mass^ 
as  in  the  cephalopods  and  bony  fishes,  or  softer  aggregations  of 
minute  crystals,  inclosed  in  the  interior  of  the  auditory  sac.  It  is 
diflScult  to  decide  as  to  how  these  otolithes  comport  themselves  in 
reference  to  the  sonorous  pulses  that  reach  the  labyrinth,  and  many 
hypotheses  have  been  broached  on  the  point.  Their  general  occur- 
rence speaks  loudly  for  a  high  degree  of  functional  importance, 
and  late  direct  observations  upon  their  remarkable  motions  in 
invertebrate  animals,  seem  to  indicate  that  they  are  really  in  some 
way  essential  to  the  perception  of  sonorous  pulses  by  the  primitive 
fibrils  of  the  auditory  nerve'**. 

"^>  Too  little  weight  seems  hitherto  to  have  heen  attached  to  these  otolithes. 
M  tiller  is  of  opinion  that  they  would  strengthen  sounds  by  reverheration,  even 
did  they  not  come  into  contact  with  the  membranes  upon  which  the  nerves  are 
distributed ;  but  as  they  actually  touch  the  membranous  parts  of  the  labyrinth, 
these  and  the  nerves  connected  with  them  receive  impulses  which,  as  coming 
from  solid  bodies,  are  even  more  intense  than  those  that  proceed  from  the  water. 
MuUer  holds  that  the  view  according  to  which  the  small  crystalline  otolithes  are 
thrown  off  from  the  walls  of  their  including  cavities  during  hearing,  in  the  same 
way  as  dust  is  scattered  from  the  surface  of  vibrating  plates  and  membranes,  is 
untenable  on  physical  grounds,  inasmuch  as  we  do  not  perceive  the  smallest 
motion  among  the  particles  of  dust  suspended  in  water,  under  the  influence  of 
the  loudest  sounds  (?).  Breschet  believes  that  the  crystalline  otolithes  make  an 
immediate  impression  upon  the  nerves,  in  consequence  of  which,  the  nervous 
tufts  may  possibly  be  more  rapidly  and  more  forcibly  excited  by  sonorous  waves. 
SurVorgane  de  VOuie,  ^c,  p.  123.  Cagniard  Latour  found  by  experiment,  that 
molecular  oscillations — during  which  the  waves  of  the  fluid  seemed  also  to  divide 
into  globules — were  more  readily  produced  when  rounded  pebbles  were  placed 
in  water ;  and  he  conceives  that  the  concretions  of  the  labyrinth  may  facilitate 
such  molecular  motions.  L*fnstUut,  1833,  No.  17.  Lincke  asks  if  it  be  not 
possible  that  the  crystals  of  the  labyrinth  are  shaken  into  figures  in  harmony 
with  the  several  tones  ?    The  discovery  by  Siebold  of  the  motions  that  take  place 
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§  306.  The  labyrinth  is  in  all  respects  the  most  important  part  of 
the  auditory  apparatus.  Whenever  any  defect  in  the  structure^  or 
morbid  alteration  of  its  parts,  has  been  detected  by  dissection,  there 
total  deafness  has  been  observed*^'.  The  end  of  the  separation  of 
the  organ  of  hearing  in  man  and  the  higher  animals  into  vestibule, 
semicircular  canals,  and  cochlea,  cannot  at  this  tinie  be  spoken  of 
with  any  kind  of  certainty.  Here  we  are  in  the  region  of  pure  hy- 
pothesis.  We  can  nevertheless  perceive  in  the  arrangement  that 
exists  a  means  for  securing  an  extension  of  surface,  for  bringing  a 
larger  number  of  the  primary  nervous  fibrils  into  communication 
with  the  sonorous  pulses,  and  also  for  reflecting  and  multiplying  these. 
This,  however,  can  hardly  be  the  only  object ;  the  same  end  might 
have  been  variously  attained,  whilst  in  the  structural  relations  of 

in  the  otolithes  of  the  snail,  already  referred  to  (§  292),  become  particularly  inter- 
esting, in  connection  with  this  hypothetical  idea.  The  fact  alluded  to  is  described 
in  the  following  words,  by  the  able  observer  just  named  :  "The  otolithes  inclosed 
in  the  auditory  capsules  of  this  animal,  (the  snail,)  vibrate  in  so  lively  a  manner, 
that  one  is  almost  tempted  to  imagine  that  they  must  be  thrown  together  by  the 
action  of  a  powerful  ciliary  epithelium  clothing  the  inner  walls  of  the  capsules ; 
I  have  not,  however,  at  any  time  observed  a  trace  of  ciliary  apparatus  within  the 
capsules.  The  otolithes  in  the  auditory  capsules  of  the  snail  seek  all  to  congre- 
gate in  the  centre  of  the  cavities ;  the  crystals  that  gain  this  position  form  a 
dense  heap,  and  cling  close  together,  much  in  the  manner  of  iron  filings  under 
the  influence  of  a  magnet ;  the  other  crystals  or  otolithes  that  lie  around  the  cen- 
tral group  are  in  ceaseless  motion  ;  they  appear  as  if  they  sought  to  penetrate  the 
heap,  but  are  often  violently  pushed  off  by  this;  still  they  return  again,  to  be 
again  thrust  back,  and  so  the  dance  is  kept  up.  The  inner  capsular  walls  seem 
scarcely  ever  to  be  touched  by  these  oscillating  particles ;  when  they  are  so,  the 
particles  are  instantly  repelled  by  them,  and  seem  to  become  more  restless  than 
before,  'ilie  motion  greatly  resembles  that  which  we  see  when  we  place  a  little 
iineish  sand  with  a  drop  of  water  upon  one  leg  of  a  common  tuning  fork,  and  set 
the  instrument  into  vibration." — No  such  direct  observation  as  this  is  possible'in  any 
vertebrate  animal.  In  man,  according  to  Krause,  the  otolithes  consist  of  parcels 
of  whitish-yellow  semitransparent  bodies,  of  a  crystalline  aspect,  which  in  part 
adhere  firmly  to  the  membrane  of  the  labyrinthine  sac,  and  which  in  part  are 
suspended  in  the  endolymph ;  in  the  ampulls  some  few  of  these  crystals  of  the 
smallest  size  are  encountered ;  so  also  do  they  occur  around  the  spiral  plate  of 
the  cochlea,  and  in  the  fluid  of  the  cochlear  canal ;  here  they  are  in  some  cases 
solitary,  in  others  in  parcels.  Handb,  d.  Anat.,  2  Aufl.  i.  502,  507. 

*^  ^'  In  the  greater  number  of  cases  quoted,  the  semicircular  canals  were  found 
abnormal  in  their  course,  structure,  &c.  The  intimate  connection  of  these  canals 
with  the  rest  of  the  labyrinth  gives  us  assurance  that  this  also  was  altered ;  but 
unfortunately  the  dissections  which  have  hitherto  been  made  of  the  morbid  ear 
are  seldom  so  complete  and  accurate  as  to  aflTord  grounds  for  physiological 
reference. 
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the  intemal  ear  there  may  be  said  to  be  identity  in  the  entire  series 
of  vertebrate  animals.  With  regard  to  the  semicircular  canals,  in 
particular^  that  view  is  probably  the  most  tenable  according  to 
which  they  collect  the  sonorous  pulses  from  many  points  in  the  cir- 
cumference of  the  petrous  bone,  and  transmit  them  reinforced  or 
condensed  to  the  ampullae*' ^^.  This  idea  seems  to  be  confirmed  by 
the  morphological  arrangement  of  the  canals,  which  is  such  that 
they  comprise  three  dimensions  of  the  solid  mass  which  incloses  them. 
The  structure  of  the  cochlea  implies  that  the  communication  of 
sonorous  pulses  is  here  provided  for  in  a  variety  of  ways.  The 
nervous  expansion  of  the  spiral  lamina  does  not  receive  pulses  from 
the  aqua  labyrinthi  only,  it  receives  them  immediately  also  firom 
the  substance  of  the  bone — from  the  firm  walls  of  the  labyrinth  and 
the  bones  of  the  head  *'*.  The  saccus  vestibuli,  in  fine,  through 
the  chain  of  auditory  bones,  is  the  recipient  of  the  most  intense 
sonorous  pulses;  the  waves  which  the  ear  presents  to  the  sensorimn 
as  sounds  impinge  here  most  directly ;  and  as  the  greater  nervous  ex- 
pansion is  also  encountered  here,  and  the  largest  number  of  crystalline 
particles  is  likewise  here  piled  together,  so  would  it  seem  that  the 
impulse  must  best  proceed  from  this  point  to  the  sensorium.  That 
the  several  parts  of  the  labyrinth  are  destined,  one  to  judge  of  the 
direction  whence  sounds  come,  (the  semicircular  canals) ;  another  to 
take  cognizance  of  articulate  tones  (the  cochlea)  etc.,  is  a  view  that 
is  sometimes  demonstrably  false,  and  sometimes  improbable****. 

§  307.  The  mode  in  which  the  primitive  fibrils  of  the  auditory 
nerve  comport  themselves  in  the  perception  of  sounds,  is  altogether 
unknown.  We  can  only  see  that  the  expansion  of  the  auditory 
nerve  is  such,  and  so  arranged,  that  every  individual  fibril  must  be 
powerfully  unpinged  upon  by  the  pulses  of  the  surrounding  lymph, 
and  perhaps  also  by  the  crystalline  deposit  which  here  abounds. 
The  terminal  expansion  of  none  of  the  nerves  of  sense  afibrds  such  a 

'^^  This  notion  of  the  use  of  the  semicircular  canals  is  mainly  derived  from 
Scarpa ;  it  was  developed  by  Autenrieth  and  Kern.    V.  Lincke,  p.  522. 

**^  £.  H.  Weber  gave  much  attention  to  the  funcUon  of  the  cochlea :  Adnata 
Anat.  de  UtUUate.  CoefUea  Probu.  iv.  v.  vi.,  of  which  there  is  an  abstract  and 
commentary  by  Lincke.  Weber  is  of  opinion,  that  the  sonorous  pulses  transmit- 
ted by  the  bones  of  the  head  are  principally  cognized  by  the  nerves  of  the 
cochlea ;  those  on  the  other  hand  that  arrive  by  the  membrana  tympani,  are 
perceived  by  the  nerves  of  the  membranous  labyrinth,  &c, 

«&«  For  a  more  detailed  account  of  these  different  views,  vide  Lincke,  (  334 
—338. 
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fttvoorable  subject  for  observation  as  that  of  the  acoustic  nerve*  ^\ 
We  see  here  with  the  greatest  distinctness  how  the  primitive  fibrils^ 
which  are  not  by  any  means  of  excessive  delicacy,  form  terminal  plex- 
uses upon  the  vestibular  sac  and  ampulke  of  the  semicircular  canals, 
in  which  the  fibrils  pass  interohangingly  from  one  fasciculus  to 
another,  and  finally  form  distinct  terminal  loops  (Fig.  CCXXIY.) 
Similar  teiminal  loops  also  present  themselves  upon  the  lamina  spi- 
ralis of  the  cochlea.  The  number  of  primary  fibrils  of  the  acoustic 
nerve  may  be  pretty  accurately  compute :  they  seem  to  amount  to 
from  1000  to  1^00*'".  The  fibrils  are  so  disposed  that  they  seem 
to  be  struck  or  encountered  by  the  pulses  of  the  aqua  labyrinthi, 
much  in  the  same  maimer  as  the  strings  of  a  piano-forte  are 
struck  and  thrown  into  vibration  by  the  blow  of  the  hammer* 
Now  as  each  individual  primitive  fibril  must  receive  its  own 
separate  impression,  and  farther,  as  each  primitive  fibril  proceeds 
distinct  to  the  brain,  and  so  far  as  it  is  concerned  transmits  the 
received  impression  isolatedly,  (§  237,)  it  is  easy  to  form  an  idea 
of  the  aggregate  force  of  the  multiplied  impressions  thus  trans- 
mitted, and  to  see  the  ear  adequate  to  appreciate  all  the  variety 
of  tones,  high  and  low,  loud  and  weak,  harmonious  and  discordant, 
that  constitute  the  world  of  sound.  Several  observers  have  held, 
that  besides  the  primitive  fibrils,  there  were  also  ganglionic  cor- 
puscles present  in  the  terminal  expansion  of  the  auditory  nerve ; 
but  the  difiiculty  of  tracing  such  delicate  structures,  and  of  dis- 
tinguishing them  frt)m  epithelial  cells,  leaves  this  point  still 
questionable*  •". 

*^^  Fishes  are  the  best  of  all  subjects  for  observation  here.    The  same  struo- 
iiire  exactly  occurs  in  the  higher  yertehrata. 

***  Bjr  direct  reckoning  I  find  about  100  primitive  fibiils  to  each  ampulla, 
which  gives  about  300  to  each  semicircular  canal ;  we  may  allow  at  least  the 
same  number  of  fibrils  to  the  two  somewhat  larger  branches  of  the  vestibular 
sac,  and  the  cochlea  may  be  held  equal  to  these  two  taken  together—this 
makes  1200  in  all.  The  primitive  fibrils  of  the  auditory  nerves  I  find  about 
T^th  of  a  line  in  diameter ;  Krause  estimates  them  at  from  ^iv^^  ^  viv^* 
Arnold's  representations  of  the  expansion  of  the  auditory  nerve  upon  the  ampul- 
lae and  cochlea,  can  only  be  regarded  as  plans.  The  finer  terminal  loops  form 
no  such  uniform  nooses  as  he  represents ;  but  rather  immediately  before  turning 
round,  fall  into  very  tangled  plexuses.  Fig.  CCXXIV.  is  a  faithful  transcript  of 
nature.  Human  subjects  can  seldom  or  never  be  had  in  so  recent  a  state  as  to 
enable  us  to  make  out  such  delicate  structures  satisfactorily. 

«'*  Valentin  speaks  of  ganglionic  corpuscles  as  occurring  in  the  intumescen- 
tia  gangliformis,  at  the  point  of  division  of  the  principal  branches.    S$ee  his 
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§  308.  Every  concussion,  every  excitement  or  stimulation  of  the 
acoustic  nerve,  is  appreciated  by  it  as  sound.  Hence  it  is  that  it 
is  not  the  pulses  alone  that  sonorous  bodies  give  out,  and  which 
form  objective  sounds,  that  excite  sensations  of  noise.  Here,  as  in 
all  the  other  organs  of  sense,  there  are  subjective  impressions,  or 
perceptions  which  may  be  elicited  by  stimuli  that  have  nothing 
in  conunon  with  sonorous  pulsations.  In  consequence  of  the  deep 
and  well  defended  position  of  the  internal  ear,  it  is  not  so  easy,  as 
may  be  imagined,  to  produce  these  subjective  impressions  in  the 
way  of  experiment,  as  it  is  in  the  case  of  the  eye.  We  are  there- 
fore less  familiar  with  the  relations  of  the  auditory  nerve  to  stimuli 
other  than  sonorous  vibrations.  Such  agencies  as  light,  and  heat, 
and  chemical  stimuli,  cannot  be  brought  into  contact  with  the  audi- 
tory nerve.  The  galvanic  fluid  passed  into  or  through  the  ear,  ac- 
cording to  some,  occasions  a  sound ;  but  if  it  be  easy  to  make  a 
corresponding  experiment  upon  the  eye,  and  to  satisfy  ourselves  of 
the  subjective  development  of  sensations  of  light  by  the  action  of  the 
galvanic  fluid  there,  it  is  just  as  difficult  to  excite  a  subjective  impres- 
sion of  sound  by  its  means'  •**.  The  noises  in  the  ear  which  we  pro- 
duce during  experiments  upon  ourselves,  are  by  no  means  subjective 
noises ;  they  are  succussions  which  are  often  appreciable  to  others  by 
their  sense  of  hearing.  The  pathological  phenomena,  such  as  singing, 
ringing,  etc,  in  the  ears,  which  occur  along  with  congestions  more 
general  or  more  partial,  with  foreign  bodies  in  the  external  meatus, 
etc.,  are  evidently  very  ordinarily  the  eflects  of  concussion  or  vibra- 

Soemmerring,  p.  466.  Krause  describes  a  layer  of  ganglionic  corpuscles  over 
the  whole  lamina  spiralis,  and  upon  the  sacculi  and  ampullie  of  the  semicircular 
canals.  Op.  Cit»  p.  507.  Pappenheim,  1.  c.  p.  62,  speaks  of  ganglionic  corpuscles 
in  connexion  with  the  branches  of  the  auditory  nerve ;  but  he  does  not  appear  to 
regard  the  nucleated  cells  which  he  describes  along  with  the  peripheral  expan- 
sion of  the  nenre  as  ganglionic  corpuscles. — I  do  not,  however,  ^together  fol- 
low him  in  his  description*  1  have  not  from  personal  observation  been  able  to 
satisfy  myself  of  the  existence  of  ganglionic  cells  here  any  more  than  in  the 
retina. 

'*^  Bitter  is  frequently  quoted  as  an  authority  on  the  production  of  sounds 
in  the  ear,  by  the  galvanic  current.  I  have  made  experiments  on  myself  and 
many  of  my  auditors,  with  no  great  force  of  galvanic  current  indeed,  but  always 
without  any  results.  A  powerful  inductive  apparatus  being  brought  in  the 
most  varied  ways  into  contact  with  the  ear,  the  external  passage  being  filled 
with  good  conducting  fluids,  flashes  of  light  were  always  perceived  in  both  eyes, 
never  tones  in  the  ears.  Of  70  persons  there  were  only  2  who  thought  they  per- 
ceived sounds,  but  of  the  nature  of  these  they  could  give  no  very  good  account 
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tions  identical  with  or  productive  of  tme  sounds.  The  same  must 
of  course  be  said  of  blows  upon  the  head,  which  are  conducted  as 
mechanical  vibrations  to  the  auditory  nerve,  in  which  such  pulses 
necessarily  excite  corresponding  impressions  of  tones.  It  were 
more  legitimate  to  regard  as  subjective  sounds  those  persistent 
impressions  which,  as  in  the  eye,  often  remain  like  phantoms,  after 
excessive  stimulation, — for  example,  the  singing  in  the  ears  after 
driving  in  a  rough  carriage  along  an  mdifferent  road.  To  the 
same  category  may  be  referred  the  echo  of  a  phrase  of  music  or 
particular  tune  which  is  often  so  troublesome,  the  sudden  and  loud 
ringing  in  the  ear  which  often  comes  on  when  we  are  sitting  quiet, 
the  rushing  and  hissing  or  ringing  which  occur  along  with  great 
nervous  weakness,  and  in  the  course  of  mental  diseases  when  they  so 
firequently  occasion  grave  and  very  remarkable  mistakes ;  fartlier, 
the  sudden,  generally  dull  sounds  which  we  occasionally  hear  as 
we  are  falling  asleep.  It  is  very  possible,  however,  that  several  of 
these  phenomena  may  be  occaaoned  by  actual  vibrations  induced 
in  the  external  parts  of  the  ear,  and  conducted  to  the  auditory 
nerve*'*. 

§  309.  It  is  only  sound  engendered  in  the  external  world  that  is 
capable  of  eliciting  in  the  ear  those  varied  phenomena  which  we 
distingiush  as  tones.  The  cause  of  the  inherent  diversities  of  tone, 
depends  on  the  nature  and  number  of  the  pulses  or  vibrations  of 
the  soimding  body.  A  certain  niunber  of  pulses  or  vibrations  in  a 
given  time  is  indispensable  to  constitute  a  tone ;  the  fewer  the  pulses, 
the  deeper  the  tone.  The  most  recent  experiments  show  us  that  four 
vibrations  or  two  pulses  per  second  of  the  wheel  invented  by  Savart^ 
are  adequate  to  engender  a  really  appreciable  tone.  Thirty-two 
simple  vibrations  in  a  second,  give  the  note  C  in  the  thirty-two  feet 
organ  pipe.  The  column  of  air  contained  in  this  pipe  makes  six- 
teen beats  or  pulses  in  one  direction,  which  are  equivalent  to 
thirty-two  double  beats  or  vibrations  in  a  second  of  time ;  twice  as 
many  beats  or  vibrations  always  give  the  octave  of  a  note.     The 

*>^  From  the  difficulty  of  ascertaining  clearly  what  passes  in  the  tympanum^ 
it  almost  always  remains  douhtful  whether  the  impressions  generally  styled  sub- 
jective, are  not  due  to  spasmodic  contractions  of  the  stapedius,  elicited  in  states 
of  special  nervous  susceptibility  as  reflex  movements,  and  occasioning  sonorous 
pulses  in  the  aqua  labyrinthi.  The  murmurs  heard  by  Henle  in  his  own  person, 
when  he  passed  the  finger  gently  over  the  cheek,  may  probably  be  fairly  ex- 
plained in  the  same  way. 

3   N 
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note  generally  assumed  as  the  highest  in  music,  is  the  C  upon  the 
sixth  ledger  line,  to  engender  which  16,000  vibrations  per  second 
are  requisite ;  but  the  ear  still  distinctly  appreciates  notes  much 
more  acute  than  this,  notes  to  the  production  of  which,  calculation 
shows  that  48,000  vibrations  per  second  are  necessary. 

By  the  word  noise,  we  generally  understand  a  succession  of 
equal  or  unequal  pulses  in  unequal  times.  Out  of  noises,  how- 
ever, true  definable  tones  may  be  produced,  by  the  noises  in 
their  more  rapid  succession  approximating  and  forming  r^ular 
sonorous  pulses.  Tones  and  noises  not  unfrequently  become 
mingled  by  the  fusion  of  regular  and  irregular  vibrations.  The 
strength  of  any  sound  depends  partly  on  the  nature  of  the  sounding 
body,  the  rate  of  its  vibrations,  the  synchronous  vibration  of  other 
bodies,  and  its  distance  from  the  ear ;  partly  on  the  degree  of  ex- 
citement of  the  auditory  nerve.  For  this  last  reason  especially, 
as  well  as  from  other  circumstances  already  indicated,  the  strength 
of  the  same  sound  is  variously  estimated  by  different  individuals. 
The  quality  of  a  tone  depends  on  the  quality  of  the  sounding  body. 
From  the  quality  of  the  tone  or  tones  we  judge  of  the  nature  of 
the  instrument  which  produces  them'*'. 

§  310.  As  in  the  case  of  all  the  senses,  so  in  reference  to  the  ear, 
do  we  observe  many  individual  differences  and  peculiarities ;  in  none 
of  the  senses  indeed  are  these  so  numerous  or  so  striking  as  here ; 
the  impression  made  by  sonorous  vibrations  are  almost  as  different 
as  the  individuals  who  perceive  them.  The  acuteness  of  the  hear- 
ing stands  in  no  kind  of  necessary  connexion  with  the  power  to 
discriminate  tones  from  one  another.  Many  persons  having  the 
quickest  sense  of  hearing  are  entirely  without  what  is  called  the 
musical  ear.  Still  a  certain  succession  of  simple  tones  is  felt  as 
agreeable  by  the  majority  of  individualB.  But  whilst  one  is  power- 
fully affected  by  them,  another  is  indifferent ;  and  whilst  the  mass 
of  civilized  men  distinguish  concord  and  harmony  from  dissonance 
and  discord,  and  declare  certain  series  and  combinations  of  ton^  as 
grateftil  to  their  ears,  some  few  in  every  community,  and  savage 
tribes  in  general,  have  no  perception  of  anything  of  the  kind^  and 

''■  The  subjects  of  this  paragraph  are  all  within  the  domain  of  natural  philo- 
sophy, the  elementary  treatises  of  which  may  be  turned  to  for  farther  information. 
One  of  the  most  conTenient  instruments  for  illustrating  the  production  of  acuter 
and  graver  tones  is  the  Sirene  of  M.  Cagniard  Latour. 
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frequently  prefer  loud,  harsh,  and  disagreeable  sounds  to  the  most 
melting  melodies  and  dulcet  harmonies**  •  *.  In  some  individuals  we 
meet  with  what  may  be  regarded  as  true  idiosyncrasies  in  reference 
to  particular  tones,  which  occasionally  cause  even  painful  feelings ; 
we  observe  something  of  the  same  kind  among  animals®'*.  Many 
circumstances  connected  with  the  perception  of  soimd,  stand  in  rela- 
tion not  to  Ae  outward  reception  of  tones,  but  to  the  judgment 
upon  them.  Every  sound,  for  example,  is  taken  in  by  the  two  ears 
at  once,  whereby  the  intensity  of  the  impression  is  increased. 
Nevertheless,  the  perception  or  consciousness,  as  in  the  case  of 
sight,  is  single :  we  have  a  double  impression,  one  on  each  tympa- 
nmn,  one  on  each  retina,  nevertheless  we  perceive  but  one  sound, 
we  see  but  one  object.  It  seems  doubtful  whether  double  hearing 
ever  occurs  like  double  vision,  as  a  pathological  phenomenon*'*. 
Our  capacity  to  judge  of  the  direction  and  distance  of  sounds  is  an 
effect  of  our  judgment.  We  in  fact  contrast  sounds  the  nature  of 
which  is  already  known  to  us  under  the  point  of  view  of  their 
strength,  and  so  conclude  as  to  their  nearness  or  remoteness.  We 
aj%  therefore  liable  to  many  mistakes  in  estimating  the  distance  of 

**'  I  think  it  unnecessary  to  enter  at  greater  length  on  the  consideration  of 
musical  tones  in  this  place.  The  capacity  to  distinguish  delicate  shades  of  sound, 
such  as  constitute  the  tones  and  semitones  of  the  musical  scale,  is  innate,  and  is 
only  strengthened  and  perfected  by  exercise ;  it  cannot  be  acquired.  Some  per- 
sons who  can  perfectly  well  distinguish  all  the  tones  in  the  octave,  cannot 
perceive  any  difference  between  one  semitone  and  another  of  the  diatonic  scale 
of  modem  music.  Other  persons  again  who  discriminate  readily  between  high 
^a  low  tones,  cannot  perceive  the  difference  between  a  common  chord  struck 
properly  and  improperly — they  are  unaffected  by  harmony  and  discord.  The 
tones  of  animals,  such,  for  example,  as  the  song  of  birds,  is  seldom  reduceable  to 
our  system  of  nuisical  notation,  and  yet  the  natural  song  of  birds  is  pleasant  to 
onr  ears. 

**  There  are  certain  noises,  such  as  that  produced  by  scratching  upon  a 
'^^te,  sharpening  a  saw,  &c.,  which  are  felt  as  extremely  painful  by  the  gener- 
^ity  of  persons ;  and  it  is  remarkable  that  such  noises  are  not  unfrequently  pro- 
ductive of  reflex  motions  in  the  skin — (goose-flesh).  J.  P.  Frank  mentions  a 
iQan  affected  with  tape-worm  who  could  not  bear  the  sound  of  the  organ ;  Fores- 
tus,  a  beggar  who  was  thrown  into  an  epileptic  fit  by  the  soimd  of  a  child's  drum ; 
"oyie,  a  woman  who  lost  her  senses  when  bells  were  rung ;  [and  Shakspeare 
tells  us  that  certain  persons  "so  often  as  they  hear  the  drone  of  a  Lincolnshire  bag- 
P^pe  amg  in  their  nose,  cannot  hold  their  water,"]  Dogs  are  well  known  to  have  a 
Jreat  antipathy  to  the  sound  of  the  violin,  which  often  sets  them  howling  pileously . 
But  very  few  cases  are  positively  known ;  they  are  related  by  Sauvages 
^d  Itard.    In  that  of  Itard,  different  high  tones  were  heard  by  each  ear. 
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sound ;  and  our  judgment  on  the  point  is  so  much  the  more  inBe- 
cure,  as  reflections,  condensations^  and  reverberations  are  mixed  up 
with  the  original  sound.  The  same  thing  may  be  said  in  regard  to 
the  direction  of  sound,  which  we  commonly  judge  of  by  the 
strength  of  the  impression  on  one  or  the  other  ear,  by  the  impres- 
sion made  being  stronger  in  one  position  of  the  ear  than  another. 
Practice  enables  us  here,  as  in  all  circumstances  in  which  the 
intellect  is  brought  into  play,  greatly  to  improve  our  fsusulty 
of  estimating  the  strength  and  direction  of  sounds.  The  co- 
operation of  the  mind  is  therefore  needful  in  connection  with  the 
operations  of  the  ear,  as  well  as  of  every  other  organ  of  senses 
although  there  is  perhaps  none  from  the  monitions  of  which  the 
mind  is  so  apt  to  free  itself:  when  we  are  absorbed  in  reflexion, 
for  instance,  we  do  not  hear — we  are  not  aware  of  many  sounds 
that  take  place  aroimd  us,  but  which  oertiunly  make  their  way  to 
the  internal  ear  with  the  same  force  and  precision  as  they  do  when 
our  attention  is  directed  to  them.  When,  on  the  contrary,  we  would 
hear  distinctly — when  we  listen,  we  put  our  whole  soul,  as  it  were, 
into  our  ears,  and  at  the  same  time,  consciously  or  unconsciously, 
we  bring  the  entire  apparatus  that  conducts  to  the  labyrinth  into 
the  most  favourable  position  for  catching  and  conveying  sonorous 
impulses. 


CHAPTER  III. 

OF  VISION. 

'  PreUmintLry  Observations. 

§  311.  The  eye  is  an  optical  instrument  of  singular  perfection. 
To  describe  and  to  understand  the  functions  of  its  several  parts, 
implies  a  knowledge  of  the  laws  of  light  and  of  the  science  of  optics, 
which  are  of  course  treated  of  fully  in  elementary  works  on  natural 
philosophy.  Light,  however,  like  sound,  exists  to  us  only  in 
virtu^  of  our  possessing  a  nerve  endowed  with  a  special  energy 
in  relation  with  this  element,  principle  or  power — the  optic  nerve, 
the  peripheral  expansion  of  which,  designated  retina,  emlnuces  the 
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refracting  media  of  the  eye  like  a  cup,  and  is  so  fashioned  as  to 
be  affected  by  the  feeblest  ray  of  light,  and  to  transmit  the  impres- 
sion then  made  upon  it  to  the  brain"""'. 

General  Morphology  of  the  Organ  of  Visum. 

§  312.  The  study  of  the  eye  in  the  animal  kingdom,  in  reference 
to  its  progressive  complexity  of  structure,  is  a  subject  of  the  high- 
est physiological  interest ;  inasmuch  as  we  can  here  follow  the 
successive  steps  that  are  taken  from  more  simple  to  more  compoimd 
structures.  There  are  some  animals,  for  example,  among  the 
infusories  and  medusae,  which  have  little  pigmentary  spots  on  cer- 
tain parts  of  the  body,  that  are  regarded  as  rudiments  of  eyes ;  a 
proposition  which  can  only  be  entertained  as  a  problem,  however, 
so  long  as  no  nerve  can  be  demonstrated  proceeding  to  these 
spots'*'.  It  is  farther  doubtful,  whether  those  parts  which  in 
certain  worms  present  themselves  as  enlargements  upon  the  extremi- 
ties of  nerves,  covered  over  with  pigment,  and  having  pupil-like 
apertures  but  no  transparent  refracting  media  in  front  of  them,  are 
to  be  considered  as  rudimentary  eyes  or  not.  Such  organs  could 
at  best  convey  mere  indefinite  sensations  of  light  and  darkness. 
Wherever  accurate  observation  conducts  us,  and  we  conclude  from 

***  The  works  that  treat  of  the  phenomena  of  vision  are  very  numerous; 
scarcely  any  other  department  of  physiology  has  heen  so  carefully  cultivated  as  this. 
The  special  treatises  of  Porterfield,  Schmidt,  Brewster,  Herschel,  Kunzek, 
Goethe's  Farbenlehre,  or  Doeirme  qf  Cohurtf  and  the  Elementary  works  of  Biot, 
Pouillet,  Amott,  Bird,  &c.,  may  he  indicated.  The  illustrated  works  of  Soem- 
menring  and  Arnold  are  universally  known  ;  and  besides  the  usual  elementary 
books  on  physiology,  the  recent  treatises  of  Steinbuch,  Miiller,  Purkinje, 
Tourtal,  Treviranus,  Volkmann,  Heermann,  Burow,  and  Szokalski,  on  the  phe- 
nomena of  vision  generally,  or  more  particularly,  probably  comprise  all  that  is 
known  on  the  subject.  Particular  treatises  will  be  found  especially  referred  to 
by  and  by,  and  there  is  much  scattered  material  in  the  periodicals  and  yearly 
reports  of  Miiller,  Valentin^  and  Von  Ammon.  The  excellent  treatise  of  Ruete  : 
New  Reiearches  upon  Sqtantmg  and  iU  Treatment — Neue  Untertuchungen  ueber  das 
Schielen,  &c..  Getting,  1841,  requires  separate  mention  in  this  place.  It  is  the 
only  one  among  the  many  works  of  recent  date  on  squinting  that  has  a  physiolo- 
gical basis  throughout,  that  gives  genuine  cases,  and  that  shows  the  slightest 
advance  in  scientific  ophthalmology. 

<* '  ^  1  cannot  make  up  my  mind  to  regard  these  pigmentary  spots  in  the 
infusoxia  and  meduBOt  as  eyes.  The  coloured  points  discovered  by  Ehrenberg 
upon  the  extremities  of  the  spines  in  the  star-fishes,  to  which  a  minute  nervous 
twig  seems  to  be  furnished,  appear  to  have  better  claims  to  be  so  considered. 
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functional  phenomena  that  the  sense  of  proper  vision  is  possessed, 
there  do  we  find  transparent  media  in  front  of  a  special  apparatus  ; 
so  that  the  eye  of  the  very  lowest  animal  ahready  shows  a  certain  de- 
gree of  complexity.  In  the  young  of  the  medicinal  leech,  just 
escaped  from  the  egg,  a  structure  of  this  kind  is  demonstrable. 
Each  of  the  six  larger  eyes  receives  a  delicate  nervous  twig  which 
proceeds  under  a  reddish  coloured  pigmentary  layer  that  sur- 
rounds, cup-wise,  a  transparent  nucleus,  corresponding  to  the  vitre- 
ous humour  and  crystalline  lens :  this  anteriorly  is  not  obscured 
by  any  pigment,  but  like  the  pupil  is  open  and  permeable  by 
the  rays  of  light.  In  many  of  the  marine-worms.  Nereis  and 
Lycoris,  for  example,  we  observe  four  ocular  puncta.  A  consider- 
able cerebral  ganglion  sends  forward  large  nerves  to  the  tentacula, 
and  on  either  side  two  smaller  branches  to  the  eyes.  If  these  eyes 
be  gently  compressed,  the  pigmentary  cells  that  cover  them  sepa- 
rate, and  a  transparent  centre  copies  into  view***.  More  careftdly 
studied,  the  anterior  eye  is  seen  surrounded  by  a  transparent  cover- 
ing derived  from  the  general  envelope  of  the  body,  and  the  pig- 
mentary layer  is  pierced  by  a  pupiUary  aperture  in  front.  The 
last  part  is  wanting  in  the  posterior  eye ;  from  both  eyes,  how- 
ever, a  round  gelatinous  and  perfectly  transparent  idbbb  escapes 
when  the  pigmentary  layer  is  burst  under  the  compressor.  In 
these  eyes,  consequently,  we  have  specimens  of  the  simplest  struc- 
tures connected  with  a  nervous  expansion  of  the  same  nature  as  the 
retina  in  higher  animals,  and  obviously  calcidated  for  distinct  vision : 
A  pupil  receives  the  rays  that  are  available  for  distinct  vision, 
lateral  rays  being  refused  access  by  the  pigmentary  layer  (the  cho- 
roid coat  and  iris),  whilst  a  transparent  nucleus  bespeaking  the  lens 
and  vitreous  body  of  higher  animals  effects  the  needful  refractions 
of  the  luminous  rays.  The  nerve  appears  to  expand  in  the  usual 
way  into  a  cup-shaped  retina**®. 

§  313.  The  more  perfect  articulated  animals  exhibit  a  similar 
but  still  more  remarkable  and  complicated  organization  of   the 
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Miiller  maintains  that  in  the  Nereis  these  are  mere  papillary  enlargements 
at  the  extremities  of  the  optic  nerves,  without  any  dioptrical  media.  Jtuu  des 
Sciences  NaU^  T.  xxii.  p.  19 ;  vide  also  Rathke :  De  Bopyro  et  Nereide,  Rigs, 
1827.  All  my  more  recent  observations  on  annellidans  permit  me  to  snspect  the 
presence  of  refringent  media. 

^^^  The  descriptions  just  given  are  from  very  recent  and  as  yet  unpublished 
observations  mad^  at  Nice  in  the  autumn  of  1839. 
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organ  of  sight.  First  we  have  the  simple  eyes  of  the  spiders  and 
scorpions^  in  which  there  is  a  pretty  thick  cornea, — a  transparent 
lamina  of  the  general  external  integument;  behind  this  there  is  a 
globular  or  elliptical  crystalline  lens ;  and  farther,  a  peculiarly  con- 
sistent vitreous  body,  which  lies  within  the  hollow  of  a  cup-shaped 
retina ;  and  this  in  its  turn  is  surrounded  by  a  pigmentary  layer 
analogous  to  the  tunica  choroidea,  which  interposes  between  the 
lens  and  vitreous  mass,  but  still  leaves  the  centre  free,  whereby  a 
pupil  is  fashioned  which  appears  surrounded  by  a  kind  of  iris*'*^. 
Agreeing  in  all  essential  particulars  of  structure  with  this  fixed 
eye  of  the  arachnidans,  is  the  moveable  eye  of  the  snails* '  *.  The 
compound  eyes  of  insects  seem  to  differ  from  them  in  nowise,  save 
that  many  simple  eyes  are  aggregated  and  very  intimately  connect- 
ed. In  this  class  there  is  a  large,  strongly  arched,  often  hemisphe- 
rical eye,  the  cornea  of  which  is  either  uniform  and  smooth,  or 
divided  into  a  great  number  of  four  or  six-sided  fields  or  spaces 
(facets.)  Each  of  these  appears  on  a  perpendicular  section  as  a 
posteriorly  greatly  convex  surface.  Behind  each  of  the  facets  of 
the  cornea,  there  lies  a  conical  or  sugarloaf-shaped  body,  with  the 
apex  downwards  or  backwards, — ^the  vitreous  cone,  which  is  a 
powerful  dioptrical  means,  and  corresponds  to  the  vitreous  body 
of  the  vertebrata.  They  are  all  sunk  in  a  layer  of  pigment  of 
-various  colours,  which  everywhere  penetrates  between  them.  Fine 
filaments  of  the  optic  nerve  penetrate  through  the  pigment,  the 
optic  nerve  itself  being  an  ample  stem,  proceeding  by  a  broad  and 
thick  basis  from  the  brain,  and  by  and  by  dividing  into  a  vast 
number  of  filaments,  apparently  primitive  fibrils.  Each  of  these 
filaments  of  the  optic  nerve  penetrates  to  the  apex  of  a  vitreous 
cone,  and  expanding,  surrounds  it  in  the  form  of  a  disc-like 
retina*'*.  The  object  of  these  mosaio-work  eyes  appears  to  be  to 
supply  the  want  of  mobility:  A  fixed  eye  cannot  be  directed 
hither  and  thither;    but  a  vaulted  or  hemispherical  prominence 

*?o  Miilleri  On  the  Comparaiive  PhyMogy  <^  the  Sense  of  Vmon—Zur  Ver» 
gleichende  Phytiologie  dee  Genchiemnetf  p.  315. 

•'»  My  EUmenis  qf  Comparatwe  Anatomy,  Figures  in  Miiller's  paper  in  the 
AntL  dee  Sciencee  Nat.  vol.  xxii,  and  Meckers  Archiv,  1829,  Tab.  vi. 

• '  *  It  would  answer  no  end  in  this  place  were  I  to  dilate  upon  all  the  varieties 
of  compound  eyes  observed  in  insects  and  crustaceans.  The  subject  has  been 
lately  very  fully  handled  by  Will  in  his  Contributions  to  the  Anatomy  qf  compound 
Eyes  with  facetted  Comea-^Beiiraege  zur  Anatomie,  4rc»,  Leipz.  1840. 
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beset  with  eyes  is  fitted  to  receive  rays  firom  almost  all  sides,  and 
so  to  admonish  insects  of  the  vicinity  of  their  food  or  their  enemies. 
The  more  convex  the  compound  eye  is,  and  the  more  numeroos  the 
facets  upon  its  surface,  as  in  the  LibeliulaB,  the  greater  must  the 
field  of  vision  be,  the  greater  must  be  the  number  of  individual  im- 
pressions made  upon  the  optic  nerve.  The  number  of  facets  and 
vitreous  cones  generally  amounts  to  a  thousand,  and  more*" '  *.  These 
compoimd  eyes,  moreover,  do  not  require  any  of  those  changes  in 
the  relative  position  of  the  lens  and  retina,  which  are  indispensable 
to  secure  equally  perfect  vision  close  at  hand,  and  at  a  distance. 
Neither  along  with  such  a  construction  of  eye  have  external  media 
any  influence ;  so  that  there  is  no  difference  in  the  structure  of  the 
eye  in  insects  that  live  in  air  and  in  water* ''\ 

§  314.  Throwing  the  lachiymal  apparatus  and  external  coverings 
of  the  eye  out  of  consideration, — and  these  are  all  entirely  acces- 
sory parts,  in  nowise  immediately  connected  with  vision, — we  ob- 
serve one  uniform  type  in  the  structure  of  the  eye  in  vertebrate 
fynimftlfij  from  man  down  to  fishes.  YHierever  the  eye  is  not  im- 
perfectly developed,  as  it  is  in  the  mole  and  myxine,  it  meets  our  ob- 
servation as  a  hollow  globe  of  considerable  relative  size,  filled  with 
refracting  media,  and  having  an  elongated  somewhat  conical  form, 
the  apex  of  the  cone  being  directed  forwards  and  outwards,  the 
base,  inwards  and  backwards.  This  at  least  is  the  shape  it  pre- 
sents in  animals  that  live  in  air.  In  those  that  inhabit  the  water, 
the  eyeball  has  more  of  a  compressed  rounded,  or  spheroidal  form. 
The  eyeball  presents  on  its  anterior  aspect  a  circular  transparent 
part,-from  the  third  to  the  fifth  of  its  diameter  in  extent,  which 
of  course  permits  the  access  of  light  to  the  internal  parts  of  the 
organ.  Belund  the  transparent  portion  or  cornea,  but  separated 
by  the  aqueous  hmnoiu*,  lies  the  crystalline  lens,  a  flattened  bicon- 
cave body  in  animals  that  live  in  air,  nearly  a  sphere  in  those  that 
inhabit  the  water.  Partly  interposed  between  the  crystalline  lens 
and  the  cornea,  floats  the  iris,  a  moveable  circular  diaphragm,  capa- 
ble of  expanding  and  contracting,  and  so  of  increasing  or  diminishing 

*  ^ «  In  MuBca  domestic  about  5000  may  be  reckoned,  and  in  many  butterflies, 
whicb  are  excellent  subjects  for  observation,  a  still  greater  number.  Vide  Will, 
1.  c.  p.  11. 

*  ^  ^  Miiller  in  bis  Phytiology  bas  given  tbe  subject  of  vision  with  compound 
eyes,  like  those  of  insects,  very  particular  consideration. 
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its  central  aperture.  The  lens  again  is  imbedded  in  the  yitreous 
body  or  humour ;  and  this  in  its  turn  is  surrounded  by  the  cup- 
shaped  terminal  expansion  of  the  optic  nerve, — the  retina,  which 
terminates  anteriorly,  behind  the  edge  of  the  lens  in  a  fine  margin. 
Behind,  and  more  externally  than  the  retina,  there  is  a  thick  pig- 
mentary lamina,  the  six-sided  cellular  elements  of  which  are  filled 
with  dark  coloured  molecules ;  and  outside  of  this  lies  the  choroid 
coat  of  the  eye.  The  whole  organ  finally  is  enclosed  within  a  dense 
fibrous  tunic,  which  has  often  plates  of  bone  deposited  vdthin  it 
in  the  lower  animals, — ^the  sclerotic  coat,  the  part  that  gives 
strength  and  consistence  to  the  eye,  and  afibrds  attachment  to  the 
anterior  expansions  of  the  muscles,  by  the  combined  actions  of 
which  it  is  endowed  with  a  very  delicate  and  complete  system 
of  motions.''*. 

Structure  and  Functions  of  the  severed  parts  of  the  Eye. 

§  315.  Eyes  provided  with  collective  dioptrical  media,  (§  314,) 
differ  from  the  compoimd  tessellated  eyes  of  insects  (§  313),  in 
which  the  whole  of  the  luminous  rays  that  impinge  upon  the  cornea 
are  also  conducted  to  the  retina.  In  man  and  the  vertebrata,  but 
a  relatively  small  segment  of  the  cornea  permits  the  admission  of 
the  rays  of  light.  Bays  that  impinge  upon  the  cornea  at  a  less 
angle  than  48^,  are,  however,  still  so  much  refracted,  that  they 
find  entrance  into  the  eye.  In  man  the  refracting  power  of  the 
cornea  is  everywhere  v§ry  much  alike,  whether  at  the  side 
or  in  the  middle,  inasmuch  as  it  is  everywhere  of  equal 
thickness,  and  its  two  surfaces  are  concentric  or  parallel*'*.  To 
have  a  sufficiently  ample  field  for  ordinary  vision,  the  eyelids  re- 
quire to  be  so  far  apart  as  to  expose  the  whole  surface  (^  the  cornea, 


*  ^  A  Greater  d^jtails  will  be  found  in  works  on  human  and  comparative  anato- 
my. W.  Soemmerring  takes  a  very  interesting  survey  of  tlie  structure  of  the 
eye  in  the  vertebrate  series  of  animals,  in  his  work,  De  Oeuhrmn  SecHone  Hori" 
zorUaU.  Tab.  ii.  and  iii.  [See  also  Wharton  Jones'  horizontal  section  and  de- 
scription of  the  eye,  in  Mackenzie's  Practical  Treatise  en  the  Dieeatee  qf  the  Eye, 
3d  ed»  1840,  in  which  the  whole  physiology  of  the  eye  is  treated  with  the  greatest 
perspicuity.    R.  W.] 

'  **  *  The  cornea  varies  greatly  in  thickness,  both  generally  and  with  reference 
to  its  particular  parts.  In  fishes  it  is  much  thicker  around  the  margin  than  in 
the  middle. 

3  O 
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and  this  they  are  generally.  Any  opacity  in  the  oomea  of  course 
impedes,  in  proportion  to  its  extent,  the  access  of  luminous  rays  to 
the  eye,  and  so  interferes  vrith  vision.  The  great  brilliancy  of  the 
surface  of  the  cornea,  which  gives  the  eye  its  lustre,  causes  a  cer- 
tain number  of  luminous  rays  to  be  reflected  from  it,  and  renders 
it  a  mirror  of  external  objects,  in  harmony  with  the  laws  of 
catoptrics*". 

.§316.  The  AQUEOUS  humour  appears  to  serve  partly  as  a  re- 
fracting medium,  and  partly  as  a  means  of  giving  form  to  the 
anterior  portion  of  the  eye.  The  degree  of  convexity  of  the  oomea, 
which  varies  both  in  tribes  and  individuals,  would  seem  to  be  close- 
ly connected  with  the  quantity  of  the  aqueous  humour*  ^  *•  The 
aqueous  humour  occupying  both  the  anterior  and  posterior  cham- 
ber of  the  eye,  also  enables  the  iris  to  enjoy  perfect  freedom  of 
motion.  The  iris  performs  precisely  the  same  office  as  the  diar 
phragms  of  our  optical  instruments,  which  we  introduce  to  correct, 
or  rather  to  prevent,  the  indiBtinctness  of  vision  which  arises  from 
the  spherical  aberration  of  our  lenses.  By  shading  the  sides  of  the 
crystalline  lens,  the  iris  hinders  all  but  those  rays  which  faU  perpen- 
dicularly upon  its  middle,  from  entering  the  eye.  The  diamet^ 
of  the  pupil,  however,  varies  continually,  in  harmony  with  the 
number  and  intensity  of  the  luminous  rays  that  impinge  upon  the 
cornea ;  and  this  it  does  involuntarily,  in  virtue  of  a  wonderful 
inherent  power,  connected  with  a  peculiar  nervous  susceptibility,  by 
which  the.  degree  of  contraction  or  relaxation  necessary  to  the  most 
perfect  vision  is  secured.  In  ordinary  day-light,  and  in  the  shade,  the 
iris  generally  remains  steady  ;  with  varying  intensities  of  light  it  be- 
comes broader  or  narrower.  The  greater  the  light  the  narrower  is  the 
pupil ;  the  weaker  the  light,  the  wider  does  the  pupil  become ;  and 
this  is  obviously  in  the  one  case  to  admit  a  smaller,  in  the  other  a 
larger  amount  of  luminous  rays.     But,  more  than  this,  it  is  found 

^"^  For  information  on  the  intimate  structure  of  the  cornea,  consult  the 
elementary  works  on  anatomy  and  histology,  particularly  Henle*8  Oeneral 
Anai.  p.  820. 

^^  The  very  remarkable  convexity  of  the  cornea  in  the  birds  of  prey  gener- 
ally, and  the  abundance  of  the  aqueous  humour,  seem  to  stand  to  each  other  in 
the  relation  of  cause  and  effect.  [It  would  probably  be  more  correct  to  say  that 
they  were  intimately  associated,  or  even  necessarily  connected,  than  that  the  one 
was  the  cause. of  the  other.  The  grand  office  of  the  aqueous  humour  is  to  facili- 
tate the  motions  of  the  iris.    R.  W.] 
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that  the  nearer  the  object  is  which  we  contemplate,  the  narrower 
is  the  pupil ;  the  more  remote  the  object,  the  wider  is  the  pupiL 
Still  farther,  the  more  intently  we  regard  an  object  close  at  hand, 
the  narrower  does  the  inlet  to  the  luminous  rays  become.  In  har- 
mony with  the  laws  of  optics,  from  the  influence  of  no  one  of  which 
is  the  eye  abstracted,  we  see  most  distinctly  when  the  pupil  is  small, 
the  object  as  understood  being  at  the  proper  distance  for  distinct 
yision,  and  duly  illuminated ;  all  disturbing  marginal  rays  are  then 
excluded.  The  posterior  dark  surface  of  the  iris  (Uvea)  serves 
for  the  absorption  of  rays  reflected  from  one  part  to  another  in 
the  interior  of  the  eye.  As  all  the  motions  of  the  two  eyes  are  har- 
monious, so  the  pupils  dilate  and  contract  in  unison.  The  motions 
of  the  iris  are  of  the  kind  called  reflex ;  that  is  to  say,  they  follow 
automatically  from  stimulation  of  the  retina,  which  transmits  im- 
pressions made  upon  it  through  the  optic  nerve  to  the  brain  and 
medulla  oblongata,  whence  they  are  communicated  to  the  third 
pair,  the  nerve  that  supplies  branches  to  the  iris  (§  248).  The 
pupil  is  fixed  and  motionless  in  amaiux>sis,  in  which  the  optic  nerve 
has  lost  its  sensibility  and  power  of  conducting  impressions.  The 
iris,  however,  is  affected  imder  a  great  variety  of  physiological  and 
pathological  conditions ;  and  several  narcotic  substances,  belladonna 
in  particular,  have  a  peculiar  influence  upon  its  motions."^' 

§  317.  The  CRYSTALLINE  LENS  is  the  most  important  refracting 
medium  of  the  eye.  It  presents  a  very  great  variety  of  forms  in 
the  class  of  vertebrate  animals,  and  is  by  so  much  the  more  dense 
in  its  structure,  and  convex  in  its  form,  as  there  is  less  differ- 
ence between  it  and  the  medium  wherein  the  life  of  the  animal 
in  which  it  is  examined  is  passed.  Fishes  and  quadrupeds  have  for 
the  most  part  a  flattish  cornea,  and  a  nearly  spherical  crystalline 
lens.  In  man  the  lens  is  biconvex.  Its  structiure,  and  the  form  of 
its  surfaces,  are  such,  that  in  refracting  it  still  preserves  the  ray  of 
light  in  its  perfectly  achromatic  state.  The  lens  is  inclosed  in  a  par- 
ticular capsule,  a  perfectly  transparent,  structureless  and  vesselless 

^^  In  birds,  among  which  the  iris  is  moveable  at  will,  I  have  satisfied  myself 
that  the  fibres  which  proceed  to  it  from  the  ligamentum  ciliare  have  the  histolo- 
gical character  of  the  voluntary  muscles  generally,  viz.  the  characteristic 
transverse  striae.  In  man  and  the  mammalia  the  iris,  to  aU  appearance,  consists 
entirely  of  fibres  of  cellular  membrane.  Vide  Henle,  Op.  CU.  p.  574.  He,  how- 
ever, regards  it  as  composed  of  muscular  fibres,  having  the  character  of  the 
fibres  of  cellular  tissue.  [See  the  description  ef  the  eye  by  W.  Jones  in  Mackenzie, 
(§19.)    R.  W.] 
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membrane*' ^^.  In  this  capsule  it  f4)pcar8  to  lie  free,  connected 
with  it  anteriorly  and  posteriorly,  however,  by  means  of  a  dear, 
somewhat  viscid  fluid,  the  liquor  Morgagni  of  anatomists,  which 
contains  niunbers  of  spindle-shape,  extremely  delicate,  perfectly 
transparent  nucleated  cells*  *\  As  the  surface  of  the  lens  exhibits 
cells  precisely  of  the  same  description,  we  may  presume  that  be- 
twixt the  lens  and  its  capsule,  there  is  an  uniform  very  delicate 
stratum  of  cells  interposed  Under  these  cells  we  encounter  fibrous 
layers,  which  form  concentric  laminae,  like  those  of  an  onion, 
around  the  nucleus  of  the  lens.  In  the  lens  hardened  by  macerar 
tion  in  alcohol,  these  layers  peel  off  quite  regularly.  If  we  suppose 
a  line  to  be  drawn  from  before  backwards,  through  the  centre  of 
the  lens  as  an  axis,  and  the  polar  circumfererce  of  the  body  be 
compared  with  its  sequator,  the  fibres  will  be  found  to  pass  like 
meridian  lines  through  the  poles  to  the  equator.  The  constitu- 
ent fibres  themselves  have  a  crystalline  six-sided  figure;  and 
the  surface  of  a  section  of  the  lens  which  passes  perpendicularly 
through  a  bundle  of  such  fibres  presents  a  mosaic  or  pavement-like 
appearance.  In  fishes,  the  fibres  of  the  lens  are  toothed  at 
the  edges;  and  here,  like  the  bones  of  the  skull,  they  indent 
each  other  and  form  sutures****.  In  the  periphery  of  the  lens 
the  fibres  united  into  plates,  in  the  manner  described,  are  connected 
together  by  means  of  a  soft  amorphous  matter.  Towards  the  cen- 
tre of  the  body  this  matter  is  wanting,  so  that  there  the  fibres  lie 
closer,  and  form  the  denser  nucleus.  The  anterior  surface  of  the 
human  crystalline  lens  is  flatter,  and  its  curve  forms  a  portion  of  an 
ellipse ;  the  posterior  surface,  which  is  sunk  within  a  corresponding 
pit  or  depression  of  the  vitreous  substance,  is  more  curved,  and  of 

^^  Henle  is  disposed  to  regard  the  capsule  of  the  lens  and  other  similar  parts 
as  members  of  a  particular  system  of  organic  tissues,  which  may  he  spoken 
of  under  the  generic  title  of  hyaline  membranes  or  tissues ;  AUgem,  Anat. 
S.  327 ;  [Gerber,  (Valentin  ?)  has  spoken  at  large  upon  this  subject,  and  had 
already  taken  a  similar  view.  Oeneral  Anatomy^  with  appendix  amd  noies  by 
GuUiver.     R.  W.] 

^^  Upon  this  very  delicate  structure,  as  well  as  upon  every  thing  else  apper- 
taining to  the  histology  of  the  crystaUine  lens,  see  the  admirable  work  of  Wer- 
neok :  Contributions  to  the  hiatdf^  of  the  crystaUine  lens — BeitrOge  zur  Gewebs- 
lehre  des  KrystaHkoerperSy  in  Von  Ammon's  Zeitschrift,  B.  v.  S.  403 ;  also  Henle, 
1.  c.  Tab.  ii.  Fig.  ii. 

^*^^  Consult  the  numerous  and  extensive  observations  of  Werneck,  1.  c,  and 
farther,  ihc  excellent  paper  of  Dr.  Brewster,  in  Philos.  Trans.,  1836. 
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a  parabdlic  figure'  *^  The  whole  structure  of  the  lens  harmonizes 
wonderfully  with  all  that  theory  and  experience  demonstrate  as 
the  best  for  biconvex  lenses ;  it  may  be  viewed  as  a  biconvex  lens  so 
fashioned  as  to  lessen  in  the  greatest  possible  degree,  or  even  entirely 
to  do  away  with,  spherical  and  chromatic  aberrations.  The  iris, 
by  shutting  out  all  lateral  rays,  must  aid  in  this  in  no  inconsiderable 
d^ree ;  but  the  lens  has  a  means  of  correction  within  itself,  which 
probably  makes  it  independent  of  the  iris,  and  whioh  is  unapproach- 
ed  and  unapproachable  in  any  instrument  produced  by  art,  viz.  a 
progressively  increasing  refringent  power,  by  a  progressively  in- 
creasing density,  from  the  circumference  to  the  centre.  In  our 
optical  instruments  we  do  all  we  can  by  grinding  the  opposite  sur- 
faces of  our  lenses  to  different  curves,  and  by  associating  lenses  made 
of  glass  having  different  refracting  powers  (crown  and  flint  glass), 
to  prevent  the  aberrations  from  sphericity  and  unequal  refrangibility 
in  the  rays  of  the  spectrum,  but  the  best  we  can  accomplish  falls 
infinitely  short  of  what  nature  has  effected  in  ordering  the  struc- 
ture of  the  crystalline  lens  of  the  eye  as  she  has  done«  The  curious 
construction  of  the  lens  from  fibres  must  abo,  beyond  all  question, 
exert  an  influence  on  the  refraction  of  the  rays  of  light,  the  nature 
of  which,  however,  is  at  present  unknown  to  us.  Pathological  oc^ 
currences  seem  to  assure  us  of  this ;  for  clefts  occurring  between 
the  layers^of  fibres  composing  the  lens,  cause  manifold  refractions, 
and  present  the  individual  with  a  corresponding  number  of  images 
of  the  same  object**  •*. 

^'^  These  facts  from  the  measurements  of  Krause,  JSUnUs.  ofAtiat.  2d  ed., 
1S42.  p.  541,  whose  account  of  the  structure  of  the  eye  is  particularly  to  be 
commended.  He  found  the  anterior  surface  of  the  lens  to  have  an  elliptical 
curve,  whose  long  axis  varied,  in  different  cases  from  4"*  to  6-^^^^  and  whose 
short  axis  varied  in  like  manner,  from  If*"  to  2V"* — The  posterior  surface  had 
a  parabolic  curve,  whose  parameter  was  from  3^"*  to  5*". 

<^  Professor  Ruete  communicated  an  extremely  interesting  case  to  me  of  this 
kind.  A  man,  62  years  of  age,  who  suffered  with  his  eyes,was  astonished  to  find  on 
looking  at  the  moon  from  his  chamber,  that  she  presented  no  fewer  than  twelve 
distinct  discs ;  this  was  the  case  in  both  eyes.  The  twelve  clear  images  appear- 
ed regularly,  at  equal  distances,  disposed  in  a  circle  around  a  dark  disc,  like  a 
rosette  with  a  dark  centre.  Other  clear  bodies,  such  as  a  taper,  the  bulb  of  a 
thermometer  at  the  distance  of  fifteen  feet  he  saw  multiplied  to  the  same  degree ; 
objects  viewed  close  to  the  eye  were  seen  single.  On  looking  into  the  eyes 
through  the  pupil,  a  tangled  net  of  white  streaks  is  perceived.  The  explanation 
of  the  phenomenon  observed  in  this  case  is  difficult ;  it  might  perhaps  be  fairly 
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§  318.  Among  the  transparent  media  of  the  eye,  a  yery  important 
one  is  the  vitreous  body.  It  consists  principally  of  a  limpid, 
slightly  albuminous  fluid — the  vitreous  humour,  which  is  contained  in 
a  multitude  of  small  cells,  processes  of  the  membrane  which  surrounds 
the  body  generally — the  tunica  hyaloidea.  Anteriorly  the  vitreous 
mass  is  depressed  for  the  reception  of  the  crystalline  lens,  posteriorly 
it  is  rounded;  it  is  therefore  comparable  to  a  very  thick  con- 
vexo-concave lens,  for  its  antero-posterior  diameter  measures  as 
many  as  nine  lines.  The  vitreous  body  keeps  the  retina  expanded ; 
if  by  any  accident  it  escapes,  as  it  does  by  wounds,  and  as  it  fre- 
quently has  done  during  operation  for  the  extraction  of  a  cataract, 
the  retina  collapses,  and  vision  is  immediately  lost.  Opacities  in 
the  vitreous  body,  slight  flocculent  precipitates  within  its  substance 
etc.  give  rise  to  subjective  visual  phenomena,  for  example  to  muscse 
volitantes,  and  other  figures  of  more  definite  form  moving  before  the 
eyes.  Similar  phenomena  arise  when  in  consequence  of  congestion  or 
inflammation,  the  extremely  minute  blood  vessels  of  the  vitreous  body, 
which  generally  admit  few  or  no  red  particles,  come  to  be  loaded 
with  these^"*.  Total  blindness  may  ensue  from  changes  in  the 
nature  and  constitution  of  the  vitreous  body ;  the  consequences  of 
such  changes  are  those  opacities  and  hazinesses  that  are  particularly 
designated  under  the  titles  of  Glaucoma^  Synchesis,  etc.  diseases  in 


brought  into  juxtaposition  with  the  experiment  of  Scheiner,  (§  330,)  unless 
would  refer  it  to  a  multiplied  refraction  of  the  luminous  rays  effected  by  differ- 
ent bundles  of  the  lenticular  fibres,  so  that  the  lens  in  this  instance  was  broug;ht 
to  resemble  the  eye  of  an  insect  (§313)  furnished  with  twelve  crystalline  cones. 
[In  looking  at  the  half-moon  without  my  spectacles,  I  see  a  large  disc,  which  I 
can  make  out  to  be  made  up  of  about  a  dozen  half-moons,  lying  one  oyer  the 
other  in  a  circle,  as  it  appears.   R.  W.] 

^^  The  latest  observers  are  somewhat  unanimous  upon  the  presence  of  blood- 
vessels in  the  vitreous  body ;  these  may  be  filled  by  forced  injections ;  but  they 
are  probably  too  delicate  to  admit  blood-discs  in  the  natural  state.  Kreoae 
says,  {Op.  CtY.,  p.  540.)  the  tunica  hyaloidea  possesses  highly  delicate  blood- 
vessels, which,  by  reason  of  their  tenuity,  admit  no  blood-discs  in  adults.  These 
vessels  are  derived  from  the  arteria  centralis  retinae,  and  expand  themaelyes 
partly  on  the  outer  envelope  of  the  vitreous  body ;  but  a  larger  branch  passes 
forwards  through  the  middle  of  the  vitreous  body,  which  gives  off  twigs  laterally 
to  the  walls  of  the  cells,  and  terminates  on  the  posterior  wall  of  the  capsule  of 
the  lens.  [The  freedom  with  which  the  posterior  segment  of  the  capsule  of 
the  lens  is  supplied  with  blood-vessels,  when  contrasted  with  the  absolute  finee- 
dom  from  vessels  of  the  anterior  segment  of  the  same  part,  is  very  renuirkable. 
R.  W.] 
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oonnection  with  which  we  are  Btill  in  want  of  a  searching  anatomical 
and  physiological  examination  of  phenomena  and  structural  altera- 
tions'••. 

§  319.  The  membraniform  expansion  of  the  optic  nerve, — the 
RETINA,  surrounds  the  vitreous  body  immediately.  It  consists  of 
several  layers,  the  intimate  structmre  and  stratification  of  which  be- 
long to  the  most  difficult  subjects  of  microscopical  investigation'' *\ 
It  is  absolutely  necessary  that  we  undertake  a  new  and  more  careful 
examination  of  this  part ;  for  it  is  really  important  in  the  explana- 
tion of  various  phenomena  of  vision.  The  human  eye,  unfortunately, 
is  seldom  or  never  a  good  subject  for  studying  the  retina ;  for  we 
can  scarcely  procure  it  in  so  recent  a  state  as  permits  us  to  observe 
any  of  the  more  delicate  points  in  the  structure  of  its  parts.  We 
therefore  have  recourse  to  the  perfectly  fresh  eyes  of  animals  just 
killed ;  for  example,  to  the  eyes  of  rabbits' ' '.  Here  we  find  no  diffi- 
culty in  observing  the  primitive  fibrils  of  the  optic  nerve,  immedi- 
ately after  their  passage  through  the  sclerotic  coat,  separating  into 
tufts  like  those  of  a  sprinkling  brush,  and  advancing  in  fasciculi, 
which  form  plexiform  groups.     Betwixt  the  several  bundles  of  pri- 

^^  [The  appearance  of  opacity  in  Glaucoma  depends  on  a  reflection  of  light 
from  the  bottom  of  the  eye,  connected  with  a  diminution  of  pigment  and  a  morbidly 
opaque  state  of  the  retina.  There  is  usually  also  some  degree  of  opacity  of  the 
lens  which  influences  the  glaucomatous  appearance.  But  more  than  this,  there 
are  always  in  such  cases  co-eziBtent  changes  to  a  greater  or  less  amount  in  the 
retina.    R.  W .] 

^^  I  have  given  the  description  in  the  text  principally  from  individual  observa- 
tions, which  agree  in  the  main  with  those  of  Henle  and  of  Erause.  Besides  the 
writings  of  these  two  excellent  observers,  we  have  several  papers  and  monogra- 
phies,  particularly  that  of  Valentin  in  his  Repertorivm^  (1837,  p.  250,)  and  that 
of  Hannover  in  Milller*s  Archivj  (1840,  p.  320).  The  numerous  and  unhappily 
so  often  contradictory  labours  of  the  last  few  years,  (by  Ehrenberg,  Treviranus, 
Gottsche,  Remak,  Bidder,  &c.,)  on  the  structure  of  the  retina,  may  be  found 
referred  to  by  Krause,  (p.  739,)  and  Henle,  (p.  774). 

^^  The  retina  must  be  examined  in  the  freshest  possible  state,  and  immedi- 
ately after  death ;  I  particularly  recommend  white  rabbits  as  subjects,  the  pig- 
mentary matter  of  the  choroid  coat  presenting  no  obstacle  to  observation.  It  is 
desirable,  however,  at  the  same  time,  to  have  several  subjects  at  hand  for  com- 
parative examination, — birds,  fishes,  frogs,  as  in  them  some  of  the  structures, 
particularly  the  columnar  layer,  is  larger  and  more  distinct  than  usual.  The 
paper  of  Hannover,  above  cited,  is  very  much  to  be  recommended  as  a  guide  in 
this  difELcult  investigation.  I^ressure  and  much  manipulation  are  very  objection- 
able, although  the  weight  of  a  plate  of  thin  glass  is  very  well  borne. 
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mitive  fibrils^  fosiform  spaces  are  left  free.  The  pnmitiye  fibrils 
excessively  fine,  partly  cylindrical,  partly  yaricose,  and  yery  MTnilny 
to  the  medullary  fibres  of  the  brain  (§  231).  They  are  from  vvvth 
to  777th  of  a  line  in  diameter.  It  is  altogether  unknown  how  they 
comport  themselves  further  on  in  their  course ;  for  they  soon  escape 
observation,  although  single  fibrilhe  may  still  be  indistinctly  traced 
to  the  anterior  margin  of  the  retina.  Loop-like  terminations,  whi<^ 
have  been  described  by  some  observers,  can  never  be  clearly  made 
out"***.  This  layer  of  primitive  fibrils  constitutes  the  middle  ele- 
ment of  the  retina,  and  is  called  the  stratum  fibrilloeum"^^. 

Externally  from  this,  there  is  a  second  layer,  which  appears  composed 
of  little  columns  or  cylinders — the  stratum  bacillosum  s.  cyHndrosuiB. 
This  columnar  layer  is  covered  on  the  outer  aspect  with  pigmentary 
matter.  It  appears  to  be  made  up  of  an  aggregation  of  rounded, 
or,  by  consequence  of  mutual  pressure,  prismatic  columns,  about 
TTTTxth  of  a  line  in  length,  and  vvvth  or  vvvth  of  a  line  in  thicknessL 
Considered  on  its  outer  or  choroidal  aspect,  it  has  all  the  characters 
of  a  piece  of  mosaic  work  or  fine  pavement.  The  little  columns 
are  readily  detached,  and  then  float  about  in  the  field  as  small 
isolated,  transparent  and  rigid  bodies,  slightly  bent  at  one  end. 
They  become  variously  bent  by  the  action  oi  water.  In  a  fluid 
they  exhibit  molecular  movements.  This  columnar  structure  is  ob- 
viously to  be  regarded  as  a  peculiar  apparatus  set  perpendicular  upon, 
but  not  in  anatomical  continuity  with,  the  primitive  fibrils  of  the 
stratum  fibrillosum*  • ' . 

The  third  or  inner  layer  of  the  retina — the  stratum  globulosum 
s.  celluloBum — is  the  most  difficult  of  all  to  study.     It  consists  of  a 

^^  1  have  not  myself,  any  more  than  Hannover,  succeeded  in  making  out  the 
terminal  loopings  of  the  primitive  fibrils  of  the  retina,  which  are  neverthdeaa 
described  by  Krause,  and  admitted  by  Valentin  as  extremely  probable. 

^^  I  have  here  followed  the  terminology  of  Krause,  which  appears  extremely 
well  chosen. 

691  I  believe  that  I  was  the  first  to  describe  these  balcilli,  or  little  columns  of 
the  retina,  as  a  particular  structure ;  (Burdach*s  Physiology^  v.  143).  It  was 
long  a  subject  of  dispute  whether  the  layer  lay  inwardly  fix>m  that  of  the  primio 
tive  fibrils,  or  outwardly,  which  is  now  the  generally  received  and  true  view. 
(Vide  Heole,  ASg.  AnaU  S.  783.)  It  has  been  described  as  a  particular  mem- 
brane, under  the  name  of  membrana  Jacobi.  Thb  membrane,  as  it  was  demon- 
strated by  Dr.  Jacob,  appears  to  be  the  stratum  bocUlosum,  very  much  altered 
by  the  action  of  water. 
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congeries  of  eztremelj  pale,  delicate,  nucleated  cells,  which  fonn 
a  double  or  multiple  layer,  interposed  between  the  fibrillsB  of  the 
stratum  bacillosum  and  the  vitreous  body.  By  some  this  layer  has 
been  referred  to  the  cellular  epithelial  formations ;  by  others  it  has 
been  viewed  as  a  stratmn  of  ganglionic  corpuscles*  °  *• 

Elzactly  in  the  axis  of  the  eye,  a  little  to  the  outside  of  the  point 
of  entrance  of  the  optic  nerve,  we  observe  the  limbus  luteus, — a 
pale  yellow-coloured  oval  spot  about  a  line  in  diameter.  Microsco- 
pically considered,  it  is  found  to  be  formed  by  a  gap  among  the 
primitive  fibrils — it  is  a  mesh  of  unusual  size  in  the  nervous  net- 
work, and  the  fibrils  appear  piled  up  around  it.  The  fibrillous 
layer  is  consequently  wanting  over  the  macula  lutea,  but  the 
columnar  stratum  is  present,  about  600  of  its  columns  correspond- 
ing to  the  space .  occupied  by  the  spot  The  rays  which  strike 
through  the  axis  of  the  eye  in  ordinary  vision,  by  which  the  most 
diarply  defined  and  distinct  images  are  formed,  fall  directly  upon 
the  limbus  luteus'**. 

^^  Valentin  regards  these  cells  as  identical  with  the  ganglionic  corpuscles, 
and  Hannover  speaks  of  them  under  the  title  of  cerebral  cells.  Valentin  re- 
cognizes a  double  layer  of  cells:  —  immediately  on  the  primitive  fibrils,  a 
layer  of  nuclear  globules,  oyer  which  lies  an  inner  and  pale  cellular  layer. 
Kraose  is  extremely  minute  in  his  description,  and  distinguishes  two  layers  of 
oella,  one  considerably  larger  than  the  other ;  he  thinks  that,  in  all  probability, 
they  are  ganglionic  corpuscles  (1.  c.  p.  538.)  To  myself,  the  nature  of  this 
cellular  layer — ^this  stratum  globulosum — has  always  appeared  extremely  doubt- 
ful, in  the  same  way  as  the  corresponding  structure  in  the  labyrinth  (§  307). 
It  strikes  me  that  the  new  views  of  Henle  are  far  more  likely  to  be  found  cor- 
rect. Henle  conceives  that  the  globules  of  the  retina  are  by  no  means  identical 
with  the  i^oper  ganglionic  corpuscles  of  the  brain,  particles  with  which  they 
have  nothing  more  in  common  than  general  structure,  which  belongs  alike  to  all 
the  cellular  elements  of  organized  bodies.  In  form,  size,  and  chenucal  relations 
they  differ  entirely ;  they  are,  in  fact,  much  more  analogous  to  the  cells  of  the 
outer  lamina  of  the  crystalline  lens;  and  this  led  to  the  idea  that  perchance  they 
bdonged  in  fact  to  the  transparent  parts  of  the  eye,  that  they  constituted  a 
kind  of  epithelium  or  rete  Malpighii,  covering  the  nervous  fibrils,  and  supporting 
them  in  their  expansion,  &c.  In  this  vray  the  more  internal  layer  of  cells  would 
very  natoraUy  correspond  with  the  fuUy  ripe  or  flattening  layer  of  epithelial 
cells,  the  more  external  layer,  again,  would  answer  to  the  younger  nucleated 
cells  of  epithelial  structures  generally. 

£93  The  description  of  Krause  appears  to  me  to  agree  best  with  nature  here. 
The  foramen  of  Soemmerring  with  its  limbus  luteus  requires  renewed  and  care* 
fal  study ;  the  eyes  of  monkeys  immediately  after  death  would  probably  afibrd 
the  best  subjects  for  observation,  these  being  the  only  animals  in  which  the  part 
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The  blood-vessels  of  the  retina  are  distributed  upon  its  internal 
aspect,  or  that  which  is  turned  towards  the  vitreous  body,  betwixt 
the  different  strata  of  cells,  and  form  with  this  what  has  been  called 
the  vascular  lamina. 

§  320.  From  the  difficulties  experienced  in  determining  the 
functional  significance  of  the  several  layers  of  the  retina,  it  comes 
to  be  a  point  of  more  than  usual  interest  to  trace  their  connection 
with  the  central  parts  of  the  nervous  system,  and  particularly  to 
study  the  development  of  the  eye  in  its  earliest  stages.  We  have 
already  seen  (§  55)  that  the  eye  is  formed  by  evolution  from  the 
middle  (in  the  beginning  it  is  the  first,  and  only  by  and  by  the  second 
or  middle)  cerebral  celL  This  point  is  very  beauti^illy  seen  in  the 
chick  at  the  end  of  the  second  day,  about  the  48th  or  50th  hour  of  the 
incubation.  The  evolution  here  proceeds  with  great  rapidity ;  the 
embryo  is  now  in  shape,  something  like  a  hammer ;  under  the  in- 
fluence of  a  rapid  formative  nisus,  conical  enlargements  arise  on 
either  side,  which  push  the  bounding  vertebral  lamins  outwards. 
The  outermost  arched  portions  form  the  vesicle  of  the  retina,  which 
is  soon  filled  with  the  vitreous  humour,  and  is  by  this  time  pinched 
off  from  the  middle  cerebral  celL  The  optic  nerve  is  produced 
between  the  two,  in  the  form  of  a  tube,  which  communicates 
freely  with  the  brain,  and  retinal  sac ;  in  the  embryo,  both  of  man 
and  animals,  it  long  continues  tubular.  By  and  by  the  two  eyes 
diverge  to  either  side,  and  the  optic  nerves  blend  towards  the  mid- 
dle line  in  the  commissure  or  chiasma,  which  for  a  time  stands 
as  a  kind  of  boundary  betwixt  the  brain  and  the  eye.  During  these 
histological  changes,  the  chiasma  and  optic  nerve  become  filled  with 
fibrils,  which,  united  into  fasciculi,  partially  decussate,  so  that  several 
of  the  bimdles  of  the  left  optic  nerve  proceed  to  the  right  tractus 
opticus  and  thalamus,  and  vice  versa ;  an  anatomical  fact  by  which 
the  physiological  consequences  immediately  to  be  described,  are 
readily  explicable.  In  the  chiasma,  we  discover  nothing  like  gan- 
glionic corpuscles,  a  circumstance  which  makes  it  all  the  less  likely 
that  any  should  be  evolved  upon  the  retina  or  peripheral  expansion 
of  the  nerve ;  it  may  be  said,  indeed,  that  ganglionic  globules  are 


occurs  except  man.  It  appears  to  be  Id  some  way  connected  with  the  paraUelism 
of  the  axes  of  the  eyes.  Vide  AmmoD,  De  generi  et  tcm  macuUB  bUea  in  reima 
oevU  humam  obvia,  Vimar.  1830. 


THE    EYE — RETINA.  573 

no  where  to  be  certainly  detected,  in  connection  with  the  termin- 
ations of  the  nerves  of  sense. 

General  analogy  leads  ns  to  regard  the  fibrillous  layer  both  as 
the  recipient  of  the  impression,  and  the  apparatus  of  conduction.  It 
is  so  spread  out,  that  every  individual  fibril  must  receive  the  impres- 
sion of  luminous  rays  throughout  its  entire  length,  and  not  at  its 
extremity  only.  The  impression  here  must,  we  should  presume 
from  the  anatomical  structure,  be  made  by  the  direct  rays,  which 
through  the  vitreous  body  and  the  cellular  lamina  fall  upon  the 
primitive  fibrils.  Wherever  these  last  are  overlaid  by  vessels,  no 
distinct  impression  is  made*^*.  Beyond  all  question,  the  never- 
failing  stratum  bacUlosum  must  also  exert  an  important  infiuence 
upon  vision ;  but  of  the  absolute  nature  of  its  action  or  ofiice  we 
are  left  to  conjecture.  That  the  bacilli  themselves  constitute  a 
sensitive  nervous  apparatus  is  extremely  improbable ;  they  are  not 
in  anatomical  connection  with  the  primitive  fibrils^  *^ ;  it  would  also 
be  against  all  analogy  were  we  to  admit  a  peculiar  nervous  sub- 
stance, met  with  in  no  other  situation,  and  altogether  different  in 
its  character  from  every  other  form  of  nervous  substance  known. 
The  structure  of  the  columnar  lamina  seems  rather  to  point  it  out 
as  a  peculiar  optical  (dioptrical?)  apparatus,  associated  with  the 
most  delicate  percipience  of  the  luminous  rays ;  perhaps  it  is  an 
apparatus  of  reflection,  destined  to  convey  to  the  primitive  fibrils 
excessively  delicate  and  isolated  impressions,  it  may  be  in  something 
of  the  same  way  as  the  otolithes  of  the  acoustic  apparatus,  and  far- 
ther, to  influence  the  quality  of  the  images,  and  to  assist  in  the 
discrimination  of  colours  ""*.  The  presence  of  the  columnar  lamina 
at  the  foramen  of  Soenmierring,  the.  very  point  where  we  see  best, 
and  the  fencing  in  or  circumvallation  of  this  aperture  by  the  primi- 
tive fibrils,  seem  to  give  us  farther  assurance  of  these  surmises 
being  well  founded. 

The  visual  perception  of  objects  depends  on  the  integrity  of 
the  retina ;  if  it  be  dynamically  or  materially  injured  or  destroyed, 

^^  Vide  fiurther  under  §  340  on  the  optical  spectrum  in  the  eye. 

^^  According  to  the  ideas  of  Treviranns,  Henle,  and  others,  which  at  one 
time  were  very  extensively  accredited,  but  are  now  no  longer  regarded,  the 
primitive  fibrillae  bent  round  immediately  into  the  bacilli,  the  extremities  of 
which  were  then  held  to  represent  the  papillse  of  the  nervous  primitive  fibrils. 

696  Hypothetical  notions  which  will  be  again  passed  in  review  when  we  com^ 
to  speafc  of  the  phenomena  of  vision. 
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if  its  Irtate  of  due  distension  be  disturbed  by  the  discharge  of  the 
vitreous  humour,  if  it  be  cut  off  from  its  continuity  with  the  optic 
nerve,  etc.,  amaurosis  or  blindness  from  paralysis  of  the  nervous 
apparatus  is  the  consequence"'^. 

§  321.  The  CHOBOiD  coat  of  the  eye  is  a  delicate  membrane,  con- 
stituted almost  entirely  of  a  vascular  rete,  upon  the  internal  aspect  or 
surface  of  which,  as  also  upon  the  posterior  aspect  of  the  iris,  there 
is  an  intensely  black  layer  of  pigmentary  matter  deposited.  This 
pigmentary  matter  consists  of  an  aggregation  of  three,  four,  six, 
and  many  sided  corpuscles,  which  exhibit  the  cellular  type  in  great 
perfection :  In  the  centre  they  contain  a  clear  nucleus,  and  their  peri- 
phery is  constituted  by  a  most  delicate  membrane,  which  includes 
a  quantity  of  dark-coloured  molecules  as  contents.  In  cases  where 
the  pigmentary  matter  is  wanting,  as  it  is  in  leucoethiopic  men  and 
animals,  we  find  cells  only, — delicate  transparent  envelopes,  without 
any  pigmentary  deposit  in  their  interior.  Albinos  have  red  pupils, 
as  is  well  known,  from  there  being  no  absorption  of  the  rays  of 
light  that  penetrate  the  eye ;  <m  the  contrary,  the  rays  are  reflected 
backwards  and  forwards,  so  that  the  eye  is  illuminated  throughout,  and 
the  vascular  rete  of  the  choroid,  of  the  retina  and  of  the  iris  are  per- 
ceived shining  through.  Individuals  of  this  kind  are  fearful  of  the 
bright  light  of  day ;  they  only  see  well  in  moderate  degrees  of  light, 
in  the  twiUght,  for  instance.  In  the  sunshine  and  bright  light, 
they  are  in  fact  dazzled  by  the  rays  of  light  that  are  reflected  frcon 
every  surface  in  the  interior  of  the  globe  of  the  eye.  The  obvious 
business  of  the  pigmentum  nigrum  is  therefore  to  absorb  the  rays 
of  light  so  soon  as  they  have  dcme  their  business  upon  the  retina, 
and  so  prevent  them  from  being  reflected  a  second  time,  and  thus 
disturbing  the  accuracy  of  outline  of  the  images  formed  upcm  it 
We  always  make  use  of  a  dead  black  pigment  to  cover  the  inner 
surface  and  diaphragms  of  our  optical  instrumenta  The  great  vas- 
cularity of  .the  choroid  coat  may  be  for  the  purpose  of  enabling  i(; 
to  seorete  the  pigment  abundantly ;  perhaps  also  its  object  is  to 
maintain  the  temperature  of  the  eye  at  the  proper  pitch ;  and  then 

^^  It  is  much  to  be  regretted  that  all  the  anatomical  examinations  of  amaurotic 
eyes  which  have  hitherto  been  made,  from  their  want  of  microacopical  details, 
should  be  without  any  value;  nevertheless  morbid  anatomical  ftcts  might 
here  prove  of  signal  value  in  clearing  up  the  physiological  meaning  of  the  different 
layers  of  the  retina. 
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all  organs  entrusted  with  important  ftmctions,  and  haying  an 
abundance  of  nerves  distributed  to  them,  seem  to  require  a  large 
supply  of  blood. 

5  922.  The  external  parts  of  the  eye — eye-lids,  eye-brows,  and  con- 
junctiya — are  mere  supplementary  or  defensive  pieces  of  apparatus, 
which,  however,  are  not  without  their  influence  upon  vision.  The 
eye-brows,  spanned  upon  bony  ridges  of  corresponding  form,  shade 
the  eyes  from  the  generally  intense  luminous  rays  which  strike 
perpendicularly  from  above,  etc  The  eye-lids  have  also  the  same 
among  other  important  offices,  such  as  distributing  the  fluid  that 
keeps  the  surface  of  the  cornea  constantly  moist  and  biiUiant,  pro- 
tecting the  eye-ball  during  sleep,  etc' 
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Dioptrics  of  the  Human  Eye. 

§  323.  The  rays  of  light  which  attain  the  retina  and  there  unite 
to  form  images,  must  of  course  pass  through  the  whole  of  the 
refracting  media  described  in  the  preceding  paragraphs.  The 
refracting  powers  of  these  media,  which  are  spoken  of  collectively 
as  the  humours  of  the  eye,  differ  in  conformity  with  the  fashion, 
structure,  density,  and  chemical  constitution  of  each''''*.  These 
humours  are  farther  the  principal  cause  of  the  form  of  the  eye-baU, 
which  not  only  differs  in  reference  to  kinds,  but  also  among  indi- 
viduals of  the  same  kind.  In  man,  the  eye-ball,  in  a  general  way, 
presents  the  form  of  an  ellipsoid  open  in  front,  where  it  is  met  and 
completed  by  a  small  segment  of  a  sphere  engrafted  upon  it.  The 
axis  of  the  eye  corresponds  with  the  optic  or  visual  axis,  and  extends 
firom  the  centre  of  the  cornea  backwards  to  the  foramen  of  Soenmier- 
ring,  a  little  to  the  outside  of  the  point  at  which  the  optic  nerve  makes 
its  entrance.  This  optic  axis  of  the  eye  measures  on  an  average 
from  lOi  to  11  lines,  and  diflers  from  the  axis  of  the  optic  nerve 

<9«  xhe  teleology--or  doctrine  of  the  ends  answered  by  the  accessoiy  ap- 
panttQB  of  the  eye, — is  treated  of  at  great  length  by  Arnold  in  his  Phydology^ 
(§  695.) 

699  We  have  various  estimates  of  the  refracting  powers  of  the  transparent 
media  of  the  eye,  a  summary  of  which  is  given  by  Weber  in  his  Edition  of  HLilde- 
brand*8  Anatomy ^  IV.  103.  The  numbers  of  the  several  humours  of  the  human 
eye,  according  to  Brewster,  are  the  following:  Cornea  1,886 ;  aqueous  humour 
1,3366 ;  lens  as  a  whole  1,3767 ;  middle  portion  of  the  same  1,8786 ;  nucleus 
of  ditto  1,3999  (according  to  Young  1,4025) ;  vitreous  humour  1,3394. 
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which  passes  from  the  outer  third  of  the  cornea,  to  the  middle  of 
the  point  of  entrance  of  the  optic  nerve,  crossing  the  optic  axis 
at  an  angle  of  about  20  degrees^  ^^.  In  its  general  condition,  the 
eye  is  so  fashioned  that  the  rays  which  arrive  from  a  point  diverg- 
ingly  upon  the  cornea,  are  immediately  made  to  converge,  and  this 
in  such  measure  precisely,  that  they  meet  in  a  focus  as  they  attain 
the  retina.  It  is  of  course  the  central  ray  alone  of  a  pencil  of  rays, 
that  passes  through  dioptric  media  unrefracted ;  all  the  other  rays 
suffer  refraction,  and  are  approximated  to  the  central  ray.  The 
rays  composing  a  pendl  falling  upon  the  cornea  are  refracted  in 
different  degrees  by  the  transparent  media  of  the  eye,  in  proportion 
to  the  difference  between  the  density  of  these  media  and  that  of 
the  air,  and  in  proportion  to  the  curves  presented  by  their 
several  surfaces.  The  rays  are  in  the  first  place  refracted  by 
the  cornea,  by  the  membrane  of  the  aqueous  humour,  and  by 
the  aqueous  humour  itself;  then,  and  very  particularly,  by  the 
crystalline  lens,  and  that  differently,  by  different  strata  of  this 
body  in  the  ratio  of  their  several  densities  (§  317) ;  finally,  by  the 
vitreous  humour ;  having  passed  through  which  they  have  come  to 
a  focus,  and  reached  the  retina  at  one  and  the  same  moment. 

§  324.  When  the  object  from  which  the 
rays  of  light  proceed  has  extent  in  space, — 
length  and  breadth,  suppose,  for  example, 
that  it  is  the  arrow  a,  by  in  the  accompany- 
ing diagram, — then  must  the  object  of  ne- 
cessity appear  reversed  upon  the  retina 
c,  d;  that  which  is  superior  in  the  object 
becomes  inferior,  that  which  is  to  the  right 
appears  to  the  left  in  the  image^^^.  As 
every  object  emits  rays  from  every  point 
in  all  directions,  which  then  proceed  in 
straight  lines,  the  axal  rays  e,  f,  ff,  of  the 
different  pencils  proceeding  from  either  end, 
and  the  middle  of  the  arrow,  a,  6,  must 
cross  at  some  point  within  the  eye.     Nu- 


''^  I  have  followed  Eraiue  here,  whose  measurements  appear  to  me  accurate. 
See  his  Anatomy^  2d  Ed.,  and  also  his  previous  paper  On  ike  structure  anddtmeu- 
sums  of  the  Human  Eye  m  Meckel's  Archiv,  1832. 

''^^  It  is  most  easy  to  obtain  conviction  of  this  reversed  position  of  objects 
upon  the  retina,  by  taking  the  eye  of  a  white  rabbit,  free  firom  pigment,  clearing 
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merons  observations  satisfy  us  that  this  point  lies  very  near  the  centre 
of  the  eye,  (A,)  somewhat  behind  the  crystalline  lens,  (x).  The  prime 
rays,  e^fy  g^  which  proceed  from  the  object  may  be  named,  in  reference 
to  the  eye,  rays  of  direction,  because  every  prime  or  axal  ray  of  a  pen- 
qlI  determines  the  direction  of  the  other  rays,  in  order  that  all  of  them 
may  meet  in  a  focus  upon  the  retina.  The  point  at  which  the  rays 
must  diverge,  if  a  clearly  defined  image  is  to  be  formed,  is  called  the 
point  of  intersection  or  focal  centre''  ^'.  The  position  of  this  point  is 
determinable  with  the  assistance  of  an  instrument  for  measuring 
angles;  it  lies  somewhat  behind  the  crystalline  lens,  and  very  near  the 
centre  of  the  eye.  The  intersecting  axal  rays  of  two  objective 
points  inclose  an  angle  (a,  A,  ft,  for  the  object,  a,  & ;  t,  A,  A,  for  the 
object  h  A),  which  is  called  the  visual  angle.  This  angle  diminishes 
with  the  distance  of  the  two  objects  from  the  eye,  and  the  retinal 
image  is  in  the  same  proportion  smaller.  The  arrow,  z.  A,  is  only 
half  the  distance  of  the  arrow  a,  ft,  from  the  eye ;  the  visual  angle, 
t.  A,  A,  is  therefore  twice  as  large  as  the  angle,  a.  A,  ft,  and  the  same 
thing  is  true  in  reference  to  the  images  depicted  upon  the  retina. 


the  globe  from  fitt,  muBcles,  &c.,  and  then  presenting  it  with  the  cornea  in  fi^nt 
to  the  window ;  all  the  objects  before  it,  such  as  trees,  houses,  &c.,  are  per- 
ceived forming  a  very  elegant  little  picture,  but  reversed  or  upside  down  upon 
the  posterior  wall  of  the  transparent  eye.  If  a  simple  or  double  glass  lens  be 
now  placed  at  a  proper  distance,  the  reversed  image  which  the  objects  refracted 
by  the  crystalline  lens  form,  may  be  projected  on  a  sheet  of  paper. 

''^   Volkmann  instituted  many  very  able  experiments  upon  the  condition  of 

retinal  images,  and  from  this  inferred  the  focal 
centre.  An  experiment  easily  performed  is  the 
following.  Upon  an  horizontal  table  let  a  num- 
ber of  straight  lines  a  a*,  ft  ft\  &c.,  be  drawn,  all  of 
which  intersect  at  the  point  c ;  upon  this  point,  c,  let 
a  prepared  white  rabbit's  eye,  E^  F,  E^  be  so  placed, 
that  the  axis  of  the  eye  coincides  with  the  line  cf,  d*. 
If  the  anterior  part  of  the  cornea,  y,  stand  at  the 
due  distance  from  c,  then  will  objects  at  a,  6,  cf,  e,  y| 
form  their  appropriate  retinal  images,  at  a",  V\  d\ 
e'\  /".  The  chamber  being  darkened,  let  tapers  be 
placed  at  a,  ft,  d,  «,/,  and  the  spectator  look  succes- 
sively at  a,  from  a\  at  6,  from  h\  at  d,  from  d",  &c., 
and  it  will  be  found  that  the  line  of  vision  will  cut 
the  retinal  image  of  a,  at  a",  of  6,  at  V\  &c. 
The  retinal  images  of  the  whole  of  the  tapers  lie  in 
straight  lines,  which  intersect  at  the  focal  point,  c. 
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It  is  on  this  account  that  objects  of  different  magnitudes  seen  at 
different  distances,  but  of  which  the  visual  angles  are  the  same, 
form  retinal  images  of  the  same  size^^*. 

§  325.  All  images  falling  upon  the  retina  through  the  dioptrical 
media  of  the  eye  are  appreciated,  but  all  are  not  seen  with  equal  dis- 
tinctness. Images  i^pear  by  so  much  the  more  indistinct,  as  they  are 
formed  more  remotely  from  the  point  upon  which  the  optic  axis  of  the 
eye  falls  (§  322).  This  point  corresponds  very  accurately  to  the 
foramen  of  Soemmerring^°\  Whether  the  peculiar  distinctness  of 
vision  at  this  point  depends  on  the  structure  of  the  retina  there,  or 
is  to  be  ascribed  to  this,  that  in  the  usual  position  of  the  ^es,  thdr 
axes  are  so  directed  towards  objects,  that  the  principal  rays  from 
these  strike  through  the  centres  of  the  lenses,  remains  doubtfiiL 
The  latter  view  is  however  the  more  probable' ^^.    For  as  those 

'*^  This  \a  very  readily  demoDStrated  practically,  by  means  of  the  arrange- 
meut  indicated  in  Annot.  100,  the  window-fimne  is  aptlj  made  the  tenn  of 
comparison  between  objects  either  nearer  or  more  remote. 

''^  The  observations  of  Herscbel  and  other  astronomers  show,  however,  that 
with  reference  to  objects  at  an  extremely  great  distance,  vision  is  not  the  most 
perfect  when  the  image  falls  upon  the  retina  in  the  optic  axis ;  but  upon  a 
point  within  a  small  circle  around  it.  This  can  be  best  determined  by  selecting 
on  a  fine  star-light  night  a  small  star,  with  another  scarcely  visible  star  close 
beside  it,  for  observation.  If  the  eye  be  now  directed  to  one  of  these  stars,  it 
forthwith  becomes  less  bright  and  distinct  than  it  was  whilst  the  other  was  par- 
ticularly regarded ;  in  short,  the  object  is  not  seen  to  most  advantage  by  being 
looked  at  directly,  but  when  a  point  at  some  very  short  distance  from  it  is  fixed 
in  the  optic  axis.  Some  very  minute  stars  are  in  fiu;t  lost  sight  of  altogether 
when  we  seek  to  fix  them ;  but  as  the  eye  travels  to  the  side  of  them,  they  start 
out  of  the  darkness  very  distinctly.  Vide  Herscbel,  in  PhUoi,  TVusu.,  and 
Ruete's  work  On  Squinting.  I  cannot  confirm  Herschel*s  views  from  personal 
experience,  for  which  indeed  we  should  feel  at  a  loss  to  assign  any  reason,  either 
physiological  or  physicaL  [There  is  probably  some  peculiarity  in  the  eyes  of 
certain  persons  that  causes  the  efiect  described  by  Sir  John  Herscbel.  I  re- 
member very  well  to  have  observed  the  phenomenon  he  describes  in  former  years, 
and  to  have  been  very  much  puzzled  with  it.  Is  it  connected  with  the  imperfec- 
tion of  eye  which  induces  short-sightedness  ?    R.  W.] 

'^^  It  appears  to  me  ftr  more  likely  that  the  more  definite  vision  is  connected 
with  the  latter  circumstance.  The  limbus  luteus  is  perchance  rather  a  conse- 
quence than  a  cause  of  vision  in  this  point.  Animals  in  which  the  limbos 
luteus  is  wanting,  still  enjoy  a  vexy  keen  sight ;  the  fishing  eagle  pounces  fixNH 
a  very  great  height*  with  unerring  precision,  upon  the  fish,  which  he  can  only 
have  seen  as  a  very  small  object  from  his  elevated  position.  The  same  thing 
is  true  in  regard  to  many  other  birds,  and  to  animals  in  general 
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mjs  of  a  pencil  of  light  that  strike  through  the  edges  of  the  lens 
must  be  differently  refracted  from  those  that  pass  through  its  centre ; 
in  consequence  of  the  difference  of  density  between  these  edges  and 
the  centre,  etc.,  they  cannot^  all  unite  in  the  same  focus ;  hence 
there  is  unequal  dispersion  and  ill  defined  images.  And  it  is  not 
unimportant  to  observe,  that  we  do  not  in  fact  see  more  than  a  single 
point  of  an  object  with  perfect  distinctness ;  if  we  seem  to  take  in 
more,  it  is  only  from  the  rapidity  with  which  the  eyes  travel  and 
survey  each  point  in  succession  one  after  the  other.  In  surveying 
a  picture  closely,  we  are  conscious  of  this — we  look  at  one  part  after 
another ;  at  a  distance  indeed,  we  receive  a  general  impression  of  the 
work,  but  this  is  only  because  the  rays  then  come  from  the  object 
at  Ifli^e  in  a  pencil  so  delicate,  that  it  passes  entirely  by  the  centre 
of  the  lens.  There  is  a  particular  circumscribed  spot  at  the  bottom 
of  the  eye,  corresponding  to  the  place  of  entrance  of  the  optic 
nerve,  or  at  all  events  to  the  centre  of  this  part  which  the  arteria 
centralis  retinsB  perforates,  where  we  have  no  sense  of  visual 
perception'**'. 

§  326.  The  motions  of  the  eye  are  of  great  importance  in  the  act 
of  vision.  As  in  the  steady  contemplation  of  objects  we  have 
to  bring  them  into  the  focal  centre  of  the  produced  visual  axis,  we 
necessarily  move  the  eye-ball  in  the  act  of  looking  around   and 


'**  Marrotti  was  the  firat  who  described  the  disap- 
pearance of  the  visual  image  at  the  entrance  point  of 
the  optic  nerve.  To  make  the  experiment,  let  two 
black  objects  be  taken  and  placed  at  a,  and  b,  upon  a 
white  ground.  From  the  diagram  it  is  seen  that  in  the 
right  eye,  the  spot,  a,  falls  upon  the  point  of  the  re- 
tina, a\  whilst  the  cross,  6,  falls  in  the  middle  of  the 
entrance  point  of  the  optic  nerve,  precisely  where  the 
central  artery  and  vein  of  the  retina  are  situated.  Now 
if  the  left  eye  be  closed,  and  the  point  a,  and  cross 
&,  are  regarded  at  the  usual  distance  for  distinct  vision, 
the  attention  being,  however,  particularly  directed  to 
a,  the  cross  b  will  be  found  to  disappear  the  moment 
the  pencil  of  rays  proceeding  from  it  comes  to  &11 
upon  the  middle  of  the  entrance  place  of  the  optic 
nerve. 
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studying  the  details  of  objects  suocessivelyy  according  to  detenninate 
laws.  It  has  been  ascertained  that  in  this  motion  the  eye-ball  re- 
volves accurately  round  a  point, — the  point  of  revolution  of  the 
eye — which  remains  unaltered ;  it  is  at  once  the  point  of  interseo- 
tion  of  the  rays  of  direction  and  of  those  of  vision  (§  324).     In  thiB 

point,  a,  in  the  appended  diar- 
gram,  all  the  diameters  of  the 
eye  intersect,  and  many  of 
these  diameters  are  at  the  same 
time  the  axes  of  revolution 
with  reference  to  the  actions 
of  the  muscles  of  the  eye.  If 
the  two  eyes  be  directed  to  the 
points  b  and  b\  the  axal  rays 
fall  upon  c  and  c\  Both  eyes 
J  then  look  forwards,  and  also 
somewhat  convergingly,  so 
that  the  two  axes  b  c,  and  6' 
c\  do  not  run  precisely  paral- 
lel, but  diverge  slightly,  by 
which  c  and  c'  are  further 
from  one  another  than  b  and  b\  In  the  horizontal  transverse 
diameter  d  e,  which  runs  from  the  temporal  to  the  nasal  side  of  the 
eye-ball,  lies  the  axis  of  the  organ  in  reference  to  the  action  of  the 
superior  and  inferior  straight  muscles.  The  perpendicular  diameter 
passes  from  above  downwards  through  the  point  of  revolution  a, 
cutting  the  transverse  diameter  at  a  right  angle,  and  is  at  the  same 
time  the  axis  of  revolution  of  the  internal  and  external  straight 
muscles  of  the  eye.  *  A  line  drawn  from  the  outer  mar^n  of  the 
cornea,^  to  the  inside  of  the  entrance  place  of  the  optic  nerve,  ff, 
represents  the  horizontal  diagonal  axis  of  the  eye-ball,  and  is  at  the 
same  time  the  axis  of  revolution  in  reference  to  the  two  oblique 
muscles.  The  superior  oblique  turns  the  pupil  downwards  and  out- 
wards ;  the  inferior  oblique  turns  it  upwards  and  outwards.  The 
action  of  the  whole  muscles  of  the  eye  is  productive  of  no  change  in 
the  position  of  the  eye-ball,  but  only  of  a  revolution  upon  its  axis^^*. 


''^  On  the  reTolution-point  of  the  eye,  Tide  Volkmann,  1.  c.  p.  84.  On  the 
action  of  the  muscles  of  the  eye,  the  woik  of  Hueck :  7^  mothiu  o/Ae  Ef0 
rmand  iU  axi$^Di«  AehMendreha^  de»  Anges^  Dorpat,  ISSS;    and  alao  the 
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§  327.  The  eye  moves  around  the  several  axes  described  in  the 
preceding  paragraph  in  virtue  of  the  force  exerted  by  two  anta- 
gonist muscles.  In  vision  the  muscles  of  the  two  eyes  stand  to  each 
other  in  what  must  needs  be  held  as  a  very  remarkable  kind  of  sym- 
pathy or  consent : — the  opposite  muscles  in  either  eye  always  come 
into  action  together.  This  seems  to  depend  on  an  association  of 
the  motions  under  the  influence  of  the  will,  which  by  degrees  be- 
comes habituaL  New-bom  infants  cannot  yet  fix  the  axes  of  their 
eyes ;  the  power  is  acquired  by  exercise ;  instinctively,  however,  for 
both  eyes  seem  at  once  to  follow  the  object  so  soon  as  the  faculty  of 
perceiving  it  is  obtained.  It  is  very  possible  by  an  effort  of  the 
will  to  bring  the  corresponding  muscles  into  play ;  this  in  fact  is 
necessarily  done  when  we  examine  very  minute  objects  closely ;  the 
eyes  then  converge,  and  this  they  do  by  the  simultaneous  action  of 
the  two  internal  straight  muscles ;  we  in  fact  then  squint  volun- 
tarily inwards^®'.  Morbid  squinting  is  always  a  consequence  of 
the  preponderance  of  individual  muscles  of  the  eye ;  so  that  we 
have  squinting  in  different  directions ;  now  converging,  of  one  or  of 
both  eyes,  and  this  is  the  most  common  kind ;  now  diverging,  which 
is  much  rarer'**". 

§  3^8.  When  the  four  straight  muscles  act  together,  the  eye  is 
drawn  backwards  in  a  right  line  into  the  orbit.   Each  muscle  acting 

excellent  work  of  Ruete,  On  Squintings  already  cited,  where  there  is  a  thorough 
critical  examination  of  the  various  views  entertained  in  regard  to  the  action  of  the 
muscles  of  the  eye.  I  have  followed  Ruete  principally,  hoth  in  the  foregoing  and 
in  the  next  succeeding  paragraph.  The  action  of  the  different  muscles  of  the 
eye  is  a  point  that  has  acquired  great  importance  lately,  from  the  prevailing 
practice  of  dividing  the  muscles  in  cases  of  squint. 

'*■  We  cannot,  however,  by  any  force  of  the  will,  cause  the  visual  axes  to 
diverge.  Milller  explains  this  from  the  congenital  tendency  to  simultaneous 
'  motion  of  those  muscles  which  receive  corresponding  or  correlative  branches 
from  the  oculo-motor  nerve.  The  view  of  Ruete  appears  to  be  better  founded, 
according  to  which,  the  impossibility  of  squinting  outwards  arises  from  a  natu- 
ral preponderance  of  the  recti  intemi,  which  are  the  strongest  muscles  of  the 
eyes,  and  are  besides  attached  more  anteriorly  or  nearer  the  cornea  than  the 
recti  externi.  The  recti  inferiores  et  superiores,  which  come  into  play  when 
the  pupil  is  rotated  inwards,  are  also  attached  more  anteriorly  than  the  recti 
externi.  This  anatomical  arrangement  perhaps  explains  the  greater  comparative 
frequency  of  strabismus  convergens.  Both  of  the  notions  now  quoted,  however, 
merely  hypothetical,  and  much  might  be  alleged  against  either. 
'"^  See  Ruete,  1.  c.  where  the  views  of  Miiller,  Valentin,  &c.,  are  criticised. 
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singly,  turns  the  pupil  towards  itself.  Two  neigfabouiing  muscles 
acting  together,  draw  the  pupil  in  a  line,  which  is  the  diagonal  of 
the  two  forces ;  the  superior  oblique  acting  by  itself  draws  the  pos- 
terior and  superior  part  of  the  globe  forwards  and  inwards,  by 
which  the  pupil  is  made  to  describe  the  s^ment  of  a  small  circle 
directed  downwardly  and  outwardly.  The  inferior  oblique  rolls  the 
eye-ball  downwards  and  inwards,  and  causes  the  pupil  to  describe 
another  segment  of  the  same  small  drcle  directed  upwards  and  oat* 
wards.  But  if  the  two  oblique  muscles  act  together,  then  the  eye 
is  not  turned  on  its  axis,  but  is  drawn  forwards,  or  from  the  object, 
by  which  a  force  is  engendered,  which  is  directly  opposed  to  that  of 
the  four  straight  muscles  acting  together.  The  eye-ball  is  at  the 
same  time  slightly  approximated  to  the  inner  wall  of  the  orbit. 
It  is  easy  to  conceive  how  the  several  straight  muscles  may  enter 
into  combined  actions  with  one  or  other  of  the  oblique  musclea. 
Should  it  be  wished,  for  example,  to  direct  the  pupil  very  much 
upwards  and  outwards,  the  rectus  extemus  is  brought  into  play 
in  combination  with  the  obliquus  superior,  and  the  pupil  is  no  longer 
moved  in  a  small  circle  but  in  an  ellipse,  the  diagonal  of  whioh  lies 
in  a  direction  betwixt  the  line  of  traction  of  the  superior  oUique 
and  that  of  the  external  stndght  musde.  In  case  the  pnpU  is  turned 
downwards  and  outwards,  the  moving  force  is  a  compound  of  the 
action  of  the  external  straight,  and  the  inferior  oblique,  muscles,  and 
the  diagonal  of  the  ellipse  in  which  the  pupil  then  moves  is  inter- 
mediate between  the  lines  of  direct  traction  of  these  two  mufldee. 
When  both  eyes  are  tranquilly  directed  to  an  object  at  the  proper 
distance  for  distinct  vision,  all  the  muscles  act  gently  and  harmo- 
niously, and  the  pupils  are  directed  straight  forward,  with  a  very 
slight  inclination  inwards,  in  consequence  of  the  natural  arrange- 
ment, so  that  the  axes  of  the  eyes,  although  nearly  parallel,  are  not 
altogether  so;  greatly  produced  they  would  intersect  at  an  extremely 
acute  angle. 

§  329.  If  perfectly  definite  images  are  to  be  formed  upon  the 
retina,  the  crystalline  lens,  as  the  most  important  of  the  refracting 
media  of  the  eye,  must  be  at  a  determinate  distance  from  the  perci- 
pient surface.  But  the  focal  distance  of  the  imi^  is  not  the  same 
for  near  and  for  distant  objects.  The  focus  of  a  near  object  is 
farther  from  the  lens  than  that  of  a  distant  one.    This  is  in  virtue  of 
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an  indubitable  optical  law^^°.  It  is  easy,  however,  to  satisfy  one- 
self by  experiment,  that  changes  must  and  do  take  place  in  the 
interior  of  the  eye,  when  we  look  from  an  object  that  is  nearer,  to 
one  that  is  more  remote.  We  can  in  fact  only  see  one  of  two  ob- 
jects, supposing  them  in  a  line  and  at  unequal  distances,  with  per^ 
feet  distinctness  at  a  time.  If,  for  example,  a  small  object,  such  as 
a  pin,  be  stuck  up  at  the  distance  of  six  or  eight  inches  from  the 
eye,  a  distance  at  which  it  can  be  seen  with  all  conceivable  dis- 
tinctness, and  some  other  more  remote  object  be  selected  in  the 
same  line,  so  that  both  objects  may  fall  precisely  in  the  axes  of 
the  eyes ;  if  one  eye  be  now  closed,  and  the  near  object,  the  pin, 
be  steadily  regarded,  the  distant  one — the  tree,  the  spot  on  the 
wall, — whatever  it  may  be,  becomes  indistinct,  it  appears  two-fold, 
it  18  shaded,  it  escapes  from  the  sense  of  sight  entirely ;  if  the 
distant  object  be  now  steadily  fixed  by  the  eye,  it  immediately 
starts  from  obscurity  into  distinctness,  and  the  pin  becomes  hazy 
and  uncertain.  We  are  even  conscious  when  we  direct  our  atten- 
tion to  the  subject,  of  an  alteration  taking  place  in  the  eye,  under 
these  circumstances'  *  *.  The  faculty,  however,  which  enables  us  to 
judge  of  distances,  and  to  adjust  the  eye  so  as  to  obtain  distinct 
vision  at  different  distances,  although  it  is  probably  only  gradually 
acquired,  is  generally  exerted  imconsciously.  The  power  of  thus  ac- 
commodating the  eye  is  possessed  in  very  different  degrees  by  different 
individuab ;  it  is  particularly  remarkable  in  some  of  the  higher 
animals  ^  * ;  and  in  some  men  is  either  totally  wanting  or  is  reduced 

"^^^  The  tract  of  Olbers :  De  mtertds  ocvU  mutatiombus^  Getting.  17S0,  is  in- 
teresting upon  this  point.  Supposing  the  cornea  and  crystalline  lens  to  main- 
tain their  several  convexities  unchanged,  the  lens  must  shift  its  position  to  the 
extent  of  about  a  line  in  order  to  answer  for  objects  close  at  hand,  and  at  infinite 
distances.  According  to  Young,  the  needful  change  of  position  is  equal  to  the 
sixth  part  of  the  axis  of  the  eye. 

"^^  On  this  and  other  instances  see  the  admirable  Essay  of  Hueck :  On  thg 
motians  of  the  cryttaUine  lent — Die  Bewegvngen  der  Kn/stallinse  Dorpat,  1S39. 

''IS  The  power  of  accommodating  the  eye  to  perceive  objects  at  different  dis- 
tances is  very  wonderful  in  birds  of  prey — ^vide  Hueck,  1.  c.  Hueck  tells  us  that 
he  had  come  to  the  conclusion  from  repeated  observation,  that  the  power  of 
accommodating  the  eye  to  near  and  distant  objects  was  possessed  in  highest  per- 
fSsction  by  countryfolks,  day-labourers,  carpenters,  builders,  messengers,  game- 
keepers, idlers,  savage  or  half  civilized  communities,  and  by  persons  generally  in  the 
prime  of  life  and  vigour ;  on  the  contrary,  that  it  was  least  perfect  among  soldiers, 
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to  a  Tninimiim-     Short-ffiglitednesB  depends  almoet  inTariablf  on  ■ 

lose  of  the  power  of  acoommodatioa  in  the  eye,  as  a  coneeqaeikce 

generally  of  early  and  nndue  exercise  of  the  organ  upon  objects 

cloee  at  hand.     This  defect  is  therefore  almoet  entirely  confined  to 

persons  in  a  certain  rank  of  life)  or  having  certain  pursuits :  the 

majority  of  schtJars  and  men  of 

letters  are  short-d^tod.     In  the 

aaue  way  also  far-eigfatednen  is 

frequently  an  effect  of  the  want 

of  the  power  of  accommodatioQ  in 

the  eye :  Sulors,  who  are  always 

looking  at  the   horizon,   are  lU 

but  invariably  &p^hted.    Both 

(ihort-eightednesB  and  &F'«g^t«i- 

neaa  are  but  the  limits  to  innuner- 

ableand  individual  departures thm 

that  which  may  be  held  the  etand- 

ard  in  the  structure  of  the  eye. 

$  330.  There  are  many  experi- 
mental ways  of  proving  the  di^r- 
ent  poeiliona  which  the  images  of 
near  and  distant  objects  occupy 
*  ~     "  *     upon  the  retina.     One  of  the  best 

known  is  that  of  Scheioer'", 
which  has  been  variously  modified 
by  different  observers.  If  in  s 
card  *  *,  two  small  holes  be  pricked, 
over  or  to  the  side  of  one  another, 
bat  not  more  distant  than  the 
diameter  of  the  pupil.  A,  B,  and 
a  small  object  such  as  a  pin  be 
looked  at  through  them,  it  wiU 
be  seen' single  only  when  it  is  at  a  cert^n  distance  from  the  eye, 


Milon,  coachmen,  wstchmaken,  goldsmitba,  copper-plate  engrafen,  tboemikcn 
tailors,  and  tlie  entire  clasi  of  determined  readen  and  writera.  It  is  alw  gn- 
doalljr  lost,  M  all  the  world  knows,  with  the  increase  of  yean. 

'"'  Father  Scheiner  made  this  experiment  more  than  200  jean  ago :  Bof 
itrma,kc.  1636 — 29.  Volkmaon  has  suggested  a  great  nnrober  of  rariatiou  of 
the  origiaal  experiment. 
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say  at  a ;  for  the  rays  of  the  pencil  which  proceeds  from  the  object 
at  Oy  come  precisely  to  a  focus  upon  the  retina,  at  c.  If  the 
pin  be  now  placed  at  ft,  the  rays  will  centre  at  g^  in  front  of  the 
retina,  and  the  object  be  then  seen  double  at  d  and  f.  The  same 
thing  happens  when  the  pin  is  removed  to  a  greater  distance  than 
Oy  say  to  e ;  the  pencil  of  rays  in  this  case  could  only  centre  after 
their  refraction  by  the  lens  at  A,  far  beyond  the  retina,  so  that  the 
single  object  is  necessarily  again  seen  double  at  i  and  k*^*.  Double 
Tision  of  this  kind  sometimes  occurs  along  with  partial  opacities, 
streaks  and  specks  of  the  cornea**'^. 

§  SSI.  If  it  be  easy  to  obtain  conviction  of  the  facts 
announced  in  the  preceding  paragraphs,  it  is  just  as  difficult  to 
specify  the  means  by  which  the  alteration  in  the  position  of 
the  lens  with  reference  to  the  retina  is  effected.  The  reason  of 
the  accommodating  power  has  been  sought  for  in  the  motions  of 
the  iris,  in  the  lengthening  and  shortening  of  the  axis  of  the  lens 
by  a  faculty  inherent  in  its  structure,  in  an  alteration  in  the 
convexity  of  the  cornea  effected  by  the  action  of  the  muscles  of 
the  eye,  etc  These  views  have  all  been  lately  proved  untenable*  *  *. 
The  most  probable  cause  of  the  power  in  question  is  a  positive 
change  of  place  of  the  lens,  effected  by  the  ciliary  processes,  by  the 
action  of  which  it^is  brought  forward,  and  at  the  same  time,  possibly, 
slightly  compressed  laterally.      The  most   weighty  grounds  for 

'^^  The  accompanying  diagram  also  enables  us  to  understand  wherefore  when 
any  object  is  too  near  to  the  eye,  at  5,  for  instance,  and  one  of  the  holes  in  the 
card  is  closed,  the  double  image  immediately  becomes  single,  that  upon  the  op- 
posite side  disappearing :  the  ray  d,  is  then  intercepted,  and  of  course  its  effect 
upon  the  retina  is  not  produced.  Again,  if  the  object  be  at  e,  and  the  hole  B  is 
shut,  the  duplicate  image  disappears  as  before,  but  this  time  it  is  the  image  of 
the  same  side  that  Tanishes. 

^^  Ruete  had  lately  occasion  to  observe  such  a  case  in  a  patient  affected  with 
lencoma,  where  the  iris  had  coalesced  inferiorly  with  the  cornea,  an  opaque 
streak  which  took  its  departure  fh>m  the  leucoma,  divided  the  pupil  perpendicu- 
larly into  two  lateral  halves.  Objects  at  the  distance  of  from  18  to  20  inches 
and  more,  appeared  double.  By  the  local  use  of  calomel  the  streak  was  gradually 
removed,  and  single  vision  returned. 

''^^  Hueck  and  -Ruete  have  both  advocated  a  change  of  place  of  the  lens  by 
the  action  of  the  ciliary  body  as  cause  of  the  power  of  accommodation  in  the 
eye ;  Hueck  in  particular  has  gone  to  the  bottom  of  the  subject  with  great 
ability.  Several  older  observers,  however,  had  already  espoused  the  same 
opnion. 
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assigning  the  accommodating  power  of  the  eye  to  motions  of 
the  lens  are  these :  1st,  The  concurring  testimony  of  all,  which  is 
to  the  effect  that  the  accommodating  power  is  greatly  diminished 
after  perfectly  successful  operations  for  cataract ;  2nd,  The  ana- 
tomical disposition  and  structure  of  the  ciliary  ligament,  and  of  the 
ciliary  processes,  which  are  composed  of  involuntary — in  birds  even 
of  transversely  striated  and  voluntary — muscular  fibres^  which  lie 
upon  or  over  the  edge  of  the  capsule  of  the  lens,  are  attached  between 
the  folds  of  the  zonula,  and,  by  contracting,  must  move  the  lens; 
3rd,  The  sympathetic  or  consentient  motions  of  the  pupil  along  with 
the  act  of  accommodation :  the  motions  of  the  iris  and  this  act  are 
certainly  associated  in  the  relations  of  cause  and  effect,  of  effect  and 
cause ;  for  not  only  is  the  fibrous  tissue  of  the  external  or  posterior 
aspect  of  the  iris  in  anatdknical  connexion  with  the  anterior  edges  of 
the  ciliary  processes ;  but  the  functional  implications  of  the  one 
influence  those  of  the  other, — when  a  solution  of  belladona  is  dropped 
into  the  eye,  for  example,  the  pupil  is  enlarged,  and  the  accommodat- 
ing faculty  is  at  the  same  time  greatly  diminished ;  an  effect  which 
certainly  does  not  depend  on  the  degree  of  contraction  or  of  dilata- 
tion of  the  pupil'*'.  4th,  Direct  observation  of  the  eyes  of  men 
and  animala  The  careful  observations  of  more  than  one  inquirer 
satisfy  us  that  when,  according  to  the  laws  of  optics,  the  lens  ought 
to  advance,  the  iris  is  at  the  same  time  seen  to  become  more  conYex> 
or  to  advance  also'  *  •.     The  extent  to  which  the  muscles  of  the  eye 

'^^'^  That  the  pupil  dilates  when  a  distant  object  is  viewed,  and  contracts 
when  a  nearer  one  is  contemplated,  is  a  fact.  These  motions  are,  however,  cod- 
sentaneous  or  concurrent  motions  only ;  either  in  consequence  of  the  motion  of 
the  ciliary  processes,  or,  as  others  will  have  it,  from  association  with  the  motioos 
of  the  muscles  of  the  eye  through  the  influence  of  the  oculo-motory  nerve  upon 
the  ciliary  ganglion  and  the  nerves  of  the  iris.  Contraction  of  the  pupil  alwajs 
occurs  along  with  contraction  of  the  internal  rectus,  and  of  several  other  of  the 
muscles  supplied  by  the  nerve  just  mentioned.  [It  would  be  interesting  to 
ascertain  whether  or  not,  in  the  birds  which  have  cross  streaked  and  voluntary 
muscular  fibres  in  the  constitution  of  the  ciliary  processes,  there  were  any  fila- 
ments of  nerves  sent  directly  into  the  eye  from  the  oculo-motor  or  another 
nerve,  and  without  passing  through  the  ciliary  ganglion.    R.  W.] 

"^^^  Riiete  andHueck,  make  this  statement,  although  for  my  own  part  I  cannot 
be  certain  that  it  is  correct.  A  person  possessed  of  good  power  of  accommo- 
dating his  eye  to  near  and  distant  objects,  should  be  placed  properly  for  observ- 
ation, with  one  eye  closed,  and  desired  to  look  successively  at  a  distant  object, 
and  at  one  close  at  hand — the  head  of  a  pin  stuck  within  a  foot  of  his  eye.    To 
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concur  or  fdd  in  the  act  of  accommodation  is  not  yet  satisfactorily 
settled' » •.      ' 

§  332.  In  ordinary  vision  the  eye  is  a  perfectly  achromatic 
instrument ; — ^we  see  objects  with  the  colours  they  naturally  possess, 
and  with  no  others.  The  achromatism  probably  depends  on  the 
composition  and  combination  of  the  refracting  media»  which* 
together*  constitute  the  humours  of  the  eye  (§  323).  The  eye  is 
only  achromatic,  however*  so  long  as  the  image  is  taken  within  the 
focus  of  the  rays  that  form  it  Bright  coloured  margins  arise  under 
certain  circumstances;  but  they  depend  upon  objective  causes,  and  are 
not  connected  with  chromatic  aberrations  produced  by  the  lens  or 
any  other  of  the  humours.  The  cause  of  the  formation  of  dioptrical 
coloured  borders  is  entirely  different  from  that  of  the  coloured  images 
which  arise  from  peculiar  affections  of  the  nervous  substance '"^ 
Dioptrical  coloured  margins  are  always  connected  with  refraction*  and 
attach  particularly  to  two  conditions:  (a,)  a  light  must  fall  close  to  a 
shadow;  and  (6*)  the  limits  of  either  must  be  projected  on  the  retina 
in  such  a  way  that  all  sharpness  of  outline  is  lost.  The  transition 
from  light  to  shade^  the  blending  of  the  light  and  dark  thus  produced* 
then  shows  itself  in  rainbow  tints.  Those  that  appear  most  fre- 
quently are  red*  orange,  yellow  and  blue,  and  occasionally  beyond 

see  the  arching  the  observer  must  look  quite  into  the  side  of  the  eye.  [Were 
the  head  of  the  person  who  is  the  subject  of  observation  placed  in  a  frame 
supporting  a  micrometer,  as  was  done  by  Mr.  Bamsden  in  his  experiments, 
(^PhUos,  Trans.,  1795,)  the  alterations  in  the  position  of  the  iris  would  become 
much  more  perceptible.    R.  W.] 

''^^  Although  recent  observers  have  spoken  decidedly  against  the  idea  of  the 
eye  gaining  its  accommodating  power  through  the  action  of  its  muscles,  the 
following  considerations  appear  to  me  to  give  it  countenance :  1st,  The  muscles 
by  acting  together  draw  the  globe  of  the  eye  backwards,  and  so  shorten  it,  or 
forwards,  and  so  lengthen  it;  2nd,  The  feeling  of  weariness  and  almost  of  pain 
which  I  experience  plainly  in  the  circumierence  of  the  globe  of  the  eye,  and  as 
it  appears  to  me  in  the  muscles,  when  I  make  efforts  at  accommodating  my 
sight  to  objects  not  within  the  sphere  of  easy  vision  to  me ;  Srd,  From  the 
motions  of  the  iris  so  constantly  associating  themselves  with  other  muscular 
motions,  that  certainly  depend  on  th^  oculo-motory  nerve.  At  all  events,  it 
seems  that  further  observations  are  still  requisite  before  we  decide  that  the 
muscles  are  altogether  inoperative  and  inefficient  in  the  Acuity  which  the  eye 
possesses  of  accommodating  itself  to  near  and  distant  objects. 

"^^  On  the  coloured  halos,  the  persistent  images  which  follow  experiments  on 
dioptrical  coloured  margins,  and  which  depend  on  an  affection  of  the  retina,  sec 
later,  §  336. 

3  R 
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the  blue  a  faint  violet.  The  phenomenon  now  mentioned  is  beet 
produced  by  taking  a  position  at  the  end  of  a  room  before  abrightly 
illuminated  window,  and  holding  up  any  small  object,  sach  as  a  pencil^ 
before  the  eye,  which  must  be  steadily  fixed  upon  the  window  Bash. 
By  and  by  bright  colours  in  the  order  just  indicated  will  be  seen  to 
appear  on  either  side  of  the  bars  as  well  as  of  the  penciL  In  the 
same  way  a  dear  field  upon  a  dark  ground,  or  a  dark  field  upon  a 
light  ground,  may  be  tried,  and  a  biconcave  or  biconvex  lens  pushed 
before  the  eye.  In  either  case  the  edge  of  the  image  appears  sur- 
rounded by  a  coloured  halo,  in  which,  when  the  convex  glass  is  used, 
red  and  yellow  are  the  predominating  colours ;  when  the  concave 
glass  is  employed,  again,  blue  is  the  prevailing  tint^*'.  This  is  a 
very  important  experiment  with  reference  to  the  theoretical  por- 
tion of  the  doctrine  of  colours^**.  It  may  seem  trivial  to  observe 
that  it  may  be  varied,  and  others  like  it  in  great  numbers  contrived* 
The  coloured  borders  appear  with  unusual  brilliancy  when  the 
lateral  rays, — ^those  that  are  usually  intercepted  and  prevented 
fiom  entering  the  eye,  are  admitted,  as  they  may  be  by  instilling 
a  single  drop  of  a  saturated  solution  of  extract  of  belladonna  into 

'^^  On  this  point,  consult  the  admirable  essay  of  Tourtal :  ChrtmixtieM  of  the 
Eye—Die  Chranuuie  dee  Augee  in  Meckel*8  Archh,  1830,  S.  129,  and  MOller, 
On  the  comparative  Physiology  of  Vitum — Zur  vergleichenden  Phytiologie  dee 
OeeichtebmeSy  p.  194,  et  seq. 

''**  The  accon^>anying  figure  may  illustrate  this  point.  From  the  illumina- 
ting point  a,  a  pencil  or  cone  of  light  \a  emitted.    The  rays  which  fidl  upm 

the  edges  of  the  lens  h  c,  suffer  decomposition  inta 
their  constituent  coloured  rays,  according  to  the  law» 
of  dioptrics.    The  most  refrangible  or  blue  rays  cross 
the  soonest  at  B ;  the  least  refrangible  or  red  rays 
at  the  greatest  distance  Irom  the  lens,  at  H,  between 
these  two  the  yellow  finds  its  place  at  G.    No  ac- 
count is  here  taken  of  any  save  the  three  principal 
rays  of  the  spectrum.    Beyond  the  point  of  inter- 
section,  and  where  the  images  come  to  fidl  upon 
the  retina,  the  colours  must  of  course  appear  in 
reversed  order  (§  324) ;  and  the  eye,  in  fact,  per- 
a     ceives  them  in  the  order  B',  G*,  BT,  blue,  yellow,  and 
:\.^^     red,  instead  of  red,  yellow,  blue,  which  is  their 
sequence  in  the  spectrum.    Vide  Tourtal,  L  c.  p.  139. 
''^  Numerous  experiments  are  detailed  in  Goethe's  Farbenlehre.     Goethe 
explains  all  chromatic  phenomena  on  the  sole  ground  of  modifications  in  the 
light  and  the  dark— li^^t  and  shade.    In  the  light  seen  through  dull  media, 
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the  eye  with  which  we  mean  to  experiment''  ^*.  It  is  to  be  observed, 
however^  that  in  having  recourse  to  this  means,  the  power  which 
the  eye  possesses  of  accommodating  itself  to  the  perception  of 
objects  at  different  distances,  is  very  much  impaired,  as  ahready 
remarked  (§  SS1> 

Actions  cf  the  Retina  ;   Subjective  Vieual  Phenomena* 

§  S33.  If  the  images  of  objects  which  are  formed  upon  the 
retina  are  to  excite  in  the  mind  perfectly  definite  perceptions, 
they  must  be  produced  at  the  proper  focal  distance  from  the  lens, 
(§  S29,)  and  fall  dose  to  the  point  which  corresponds  to  the  axis 
of  the  eye,  (§  325,)  within  the  limbus  luteus  (§  319).  Besides 
this,  the  objects  must  be  duly  lighted  to  excite  the  peculiar  energy 
of  the  sentient  parts  of  the  retina ;  excessive  illumination  dazzles 
as  much  as  defective  light  obscures.  Farther,  the  objects  must 
have  a  certain  magnitude,  in  order  to  produce  distinct  images. 
There  appear  to  be  extremely  minute  particles  in  the  retina,  which 
are  susceptible  of  receiving  distinct  impressions,  or  that  enable  us 
to  perceive  minute  objects  apart  from  one  another  as  they  are  in 
nature.  Beyond  these  minutest  particles,  the  impressions  nungle. 
We  have  a  very  excellent  illustration  of  this  truth,  in  the  effects 
of  copper-plate  engravings.  These,  as  is  well  known,  are  made  up 
of  dark  lines  or  dots  of  different  sizes,  and  placed  at  different  dis- 
tances upon  a  ground.  Seen  at  a  certain  distance,  these  lines  or 
dots  blend  into  harmonious  shades,  and  the  general  effect  is  pro- 
duced ;  but  inspected  closely,  each  dark  line  or  point  meets  the 
eye  by  itself,  makes  an  isolated  impression  upon  the  retina,  and  is 


when  the  dimzning  is  moderate,  we  perceive  ydlow,  then  red,  pale  blue,  bine, 
Tiolet,  black-blue,  finally,  black.  If  in  the  experiment  detailed  above,  the  lens 
which  is  held  towards  the  image  be  gradually  approximated  to  the  eye,  the 
bounding  line  fades,  and  it  seems  as  if  the  dark  encroached  upon  the  side  of  the 
light,  and  the  light  upon  that  of  the  dark,  with  decreasing  intensity  as  the  bound- 
ary is  passed.  Goethe  explains  the  dioptrically  formed  coloured  mar^s  from  the 
BubjecUve  side,  by  a  mutual  encroachment  of  the  light  and  dark,  for  the  shadow 
before  the  light  is  perceived  as  blue  and  violet,  and  the  light  before  the 
shadow  as  red  and  ydlow. 

^  See  Umet^Phymobgy  of  VMm,  p.  199. 
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judged  of  simply  as  a  line  or  point'**.  The  distance  at  whidi 
objects  can  be  perceived  mosH  distinctly,  and  in  all  their  details, 
with  the  naked  eye,  is  found  in  the  generality  of  individuals  at 
from  eight  to  ten  inches ;  this  is  spoken  of  as  the  point  or  distance 
of  distinct  vision.  It  varies  in  individuals  according  to  their  short 
or  long-sightedness  (§  329) ;  every  eye,  however,  has  its  point  of 
limitation  for  distinct  vision.  At  this  point,  every  part  of  the 
object  attains  the  retina,  at  least  every  part  the  visual  angle 
of  which  in  the  eye  is  of  sufficient  magnitude  (§  324).  It  is  generally 
assumed  that  the  smallest  angle,  under  which  two  points  can  be 
perceived  as  isolated,  is  of  forty  degrees,  perhaps  it  is  even 
less.  From  this  it  can  be  ahown  by  calculation,  that  luminous 
rays  from  two  points  only  blend,  and  occasion  a  single  perception 
when  they  fall  upon  parts  of  the  retina  that  are  no  more  than  shfih 
of  a  line  apart  from  one  another.  The  percipient  power  of  the 
retina  is,  therefore,  at  least  300  times  greater  than  that  of  the  tip  of 
the  tongue,  which  possesses  the  sense  of  touch  in  greater  perfection 
than  any  part  of  the  body ;  but  where,  as  we  have  seen,  the  impressions 
of  the  two  points  of  a  pair  of  compasses  at  the  distance  of  half  a  line, 
are  still  perceived  as  making  but  a  single  impression'  **.  It  is  rather 
interesting  to  observe  that  the  optical  reckoning  referred  to  coincides 
very  nearly  with  the  measurements  of  the  minutest  elements  of  the 
retina,  the  primitive  fibrils  and  bacilli  of  which,  as  we  have  seen, 
have  a  diameter  of  from  -ghsth  to  viryth  of  a  line  (§  31 9)''*'. 

§  334.  Although  there  be  two  images  formed  by  the  refracting 


""^  Microscopical  objects  show  us  what  a  variety  of  positively  isolated  colours 
combine  to  produce  the  impression  made  upon  the  unassisted  eye.  Many  of 
the  gray  tints  of  nature,  for  instance  those  of  the  mouse^s  and  mole*s  hair,  are 
produced  by  the  blending  of  the  black  and  transparent  elements  of  the  objects. 
The  green  of  many  feathers,  for  example,  that  of  the  coal  titmouse,  of  the 
mirror  in  the  wing  of  the  wild-duck,  &c.,  results  from  a  mixed  impression  of 
blue  fielda  upon  a  yellow  ground. 

'^  Mueller  (PJ^gtokgy)^  Yolkmann,  (1-  c*  P-  ^01),  and  Weber  (Mueller** 
Archiv^  ISS5,  p.  159),  have  entered  into  the  subject  of  these  calculations. 

''^^  Yolkmann  thinks  he  is  authorized  to  conclude  from  his  observations,  that 
the  smallest  retinal  images  are  smaller  than  the  finest  elements  of  the  retina 
itself;  but  in  the  present  state  of  our  knowledge  touching  the  intimate  struc- 
ture of  the  retina,  it  would  be  premature  to  pronounce  any  definite  judgment 
upon  this  point. 
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media  upon  the  retina  of  the  two  eyes,  still  in  ordinary  vision  we 
see  objects  single,  not  double.  This  depends  on  the  condition  or 
quality  of  particular  spots  of  the  two  retins.  Objects,  to  wit,  are 
seen  single  when  the  axes  of  the  two  eyes  meet  in  the  object  con- 
templated. In  this  case  the  point  fixed  by  the  eyes,  7,  in  the 
accompanying  diagram,  falls  upon  the  two  terminal  points  of  the 
two  eyes'  axes,  a  and  h.  The  points  in  the  two  eyes,  A  and  B, 
which  correspond  or  are  similarly  situated,  with  reference  to  all 
surrounding  points,  are  entitled  identical.,  inasmuch  as  they 
comport  themselves  subjectively  as  if  they  were  in  reality  but  a 
single  point,  and  images  impressed  upon  them  excite  in  the  mind 
the  idea  of  but  one  image.  Besides  these  there  are  other  points  of 
the  retina  which  are  also  identical  or  correspondent;  in  other 
words,  which  present  single  mental  conceptions  of  double  retinal 
impressions ;  but  it  is  a  law  that  the  objects  and  corresponding 
points  of  the  retina  must  lie  in  a  certain  circle  which  is  designated 
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the  HOBOPTEB, — a  circle  which  passes  at  once  through  the  point 
of  coincidence,  /«  of  the  visual  axes,  I  a,  lb,  and  the  points  of  decus- 
sation c,  c\  of  these  axes  with  the  lines  of  direction.  (Ylde 
§  324.)^*'  Objects  which  lie  in  the  same  horopter,  such  as  the 
points  /  and  m,  will  be  seen  singly,  inasmuch  as  thdr  images  must 
necessarily  affect  corresponding  points  of  the  two  retinse.  The 
axal  points  of  both  retinse  are  therefore  identical,  and  so  are  points, 
such  as  0  and  &,  which  lie  at  equal  distances  from  these  axes,  and 
this,  whether  thej  be  to  the  outside  or  to  the  inside  of  the  axes 
respectively,  or  to  the  outside  of  the  one,  and  the  inside  of  the 
other:  although/?  fiaJls  to  the  inside  of  &  in  B,  and  o  to  the  outside 
of  a  in  A,  m  is  still  seen  as  a  single  object.  Objects  or  points 
that  do  not  fall  in  the  same  horopter,  on  the  contrary,  cause  the 
perception  of  double  images,  for  they  impinge  upon  points  of  the 
retina  which  have  a  different  activity' *•.  These  points  are  conse- 
quently characterized  as  differential^  and  the  two  eyes  now  comport 
themselves  as  if  different  parts  of  the  retina  were  affected  in  the 
same  eye,  a  case  in  which,  as  we  have  already  seen,  two-fold  images 
are  formed,  and  are  so  perceived.  (§  332.)  The  axes  of  the  two  eyes, 
A  and  B,  being  fixed  in  the  direction  of  /,  the  point  x,  (as  also  every 
point  in  the  axis  a  x  /,)  will  appear  double ;  for  its  image  falls  in 
A,  on  the  middle  of  the  retina,  a,  but  in  B,  it  is  projected  at  y,  a 
point  which  bears  no  reference,  or  stands  in  no  kind  of  relationship, 

'^  See  Maller*8  Comparative  Phyfkhgy^  &c.,  p.  167,  and  yo]kmanii*8  Ccm- 
tnbviioiM^  p.  S6.  Volkmann  has  given  a  very  lucid  exposition  of  these  circom* 
stances,  which  I  shall  here  reiterate,  referring  always  to  the  last  diagram.  Let 
e  e\  be  the  two  centres  of  the  eyes  A  and  B,  2,  the  point  regarded,  Z  c  c\  the 
horopter,  a  and  6,  the  points  of  the  retina  on  which  the  axes  of  the  eyes  termi- 
nate ;  and  let  m,  be  a  second  point  in  the  horopter.  The  point  2,  appears  upon 
the  axal  points  a  and  (,  the  point  m  at  o  and/».  A  line  betwixt  I  m,  will  form 
the  cord  of  the  arc  of  the  horopter  lying  between  /  and  m,  and  as  all  triangles 
drawn  upon  an  arc  of  a  circle  have  equal  peripheral  angles,  so  is  the  angle  I  e 
m,  equal  to  the  angle  Ic"  m;  both  are  ferther  equal  to  the  opponte  angles  o  e 
a^pc^  h.  Moreover,  o  c,  is  equal  to  /»  c,  and  a  c,  to  5  c*,  as  radii  proceeding 
from  the  centres  c  and  c*  of  the  retinal  circles,  which  in  each  eye  have  an  equal 
circumference ;  consequently  o  is  just  as  far  from  the  axal  point  a,  as/»  is  from 
the  axal  point  h^  and  so  identical  or  corresponding  points  of  the  retina  are 
effected  by  the  rays  proceeding  from  both  /  and  m. 

''*^  This  is  seen  when  in  the  course  of  the  experiment  just  referred  to,  first 
one  eye  and  then  the  other  is  shut  for  a  moment,  and  the  position  of  the  objects 
is  considered. 
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to  Oy  in  A.  The  double  images  then  appear  as  far  removed  from 
each  other,  as  the  image,  a  Oj  of  the  right  eye,  A^  appears  removed 
from  the  identical  point,  p  b,  of  the  left  eye,  B.  It  is  extremely 
easy  to  produce  double  images  :  we  have  but  to  hold  up  the  fore 
finger  of  each  hand^  one  pretty  close  to  the  eyes,  the  other  as  re- 
mote from  them  as  possible,  and  then  to  look  at  either  alternately ; 
that  which  is  fixed  by  the  two  eyes  appears  single,  that  which  is 
not  so  fixed  is  seen  double.  From  the  laws  of  refraction  already 
explained,  (§  324,)  the  position  of  the  double  images  must  necessar 
rily  be  difierent  If  the  visual  axes  decussate  betwixt  the  object 
and  the  eye,  then  will  the  left  double  image  appear  in  the  left,  the 
right  double  image  appear  in  the  right  eye.  But  if  the  visual  axes 
first  cross  beyond  the  object,  so  that  this  lies  between  the  eye  and  the 
point  of  decussation,  then  will  the  double  image  of  the  left  eye  appear 
to  the  right  side,  that  of  the  right  eye  to  the  left  side.  We  have 
necessarily  many  double  images  in  our  eyes  at  all  times ;  but  we 
do  not  attend  to  them  by  reason  of  their  indistinctness.  They 
become  apparent  the  moment  we  attempt  to  fix  two  different 
objects  at  different  distances  in  a  line  with  each  other.  Double 
images  also  present  themselves  when  the  axes  of  the  eyes  are  not 
kept  parallel ;  if  we  chance  to  become  drowsy  over  a  page,  the 
letters,  and  words,  and  lines  that  we  read  fly  away  from  one 
another,  and  become  double,  and  then  as  the  attention  is  aroused 
they  come  together  again,  and  appear  single ;  the  tipsy  man  also 
sees  things  double  for  the  same  reason ;  and  so  does  he  who  squints, 
in  consequence  of  one  muscle  of  one  eye  being  over-active. 

§  335.  The  congruity  or  disposition  to  be  similarly  affected  in 
identical  points  of  the  retina,  now  considered,  is  innate,  and 
has  its  efficient  cause  in  the  brain ;  so  that  the  two  eyes  are  to  be 
regarded  as  so  many  off-sets  from  the  same  root.  The  groimds  of 
the  identity  are  therefore  organic  This  harmony  of  the  two 
retinae,  this  capacity  to  combine  double  impressions  into  one,  is  mani- 
fested everywhere  in  both  eyes,  a  fact  which  appears  especially  from 
the  phenomenon  that  has  been  spoken  of  under  the  title  of  the 
BIVALBY  OF  THE  FIELDS  OF  VISION.  If,  for  instance,  a  white 
surface,  such  as  a  sheet  of  paper,  be  regarded  through  two  different 
coloured  glasses  held  close  to  the  eyes,  the  colours  at  first  do  not 
mingle ;  the  paper  does  not  appear  green  when  a  blue  and  a  yel- 
low glass  are  used,  but  it  is  either  blue  or  yellow.     By  and  by. 
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however,  a  change  occurs ;  at  one  moment  the  yellow  prevul&y  at 
another  the  blue ;  blue  spots  appear  in  the  midst  of  a  yellow  field, 
or  the  contrary ;  and  again,  all  is  either  blue  or  yellow,  and  so  the 
thing  goes  on  until  one  of  the  colours  gains  the  ascendancy,  and 
becomes  permanent.  In  general  the  stronger  eye, — and  in  many 
individuals  one  eye  is  much  better  than  the  other — prevaSs,  and  the 
field  acquires  the  colour  of  the  glass  through  which  it  looks  ; 
[although  the  thickness  of  the  glass,  and  the  relative  depth  of  the 
tint  of  each  have  also  their  influenca] 

§  336.  There  is  one  very  remarkable  phenomenon  which  can  be 
studied  to  great  advantage  in  connexion  with  the  functions  of  the 
eye,  although  it  is  general,  and  takes  place  in  all  the  senses.  This 
is  the  lingering  influence  of  foregone  im'pressions, — what  have  been 
called  SPECTSA,  with  reference  to  the  eye  more  espedally.  The 
subject  of  ocular  spectra  is  one  upon  which  many  and  most 
interesting  experiments  may  be  instituted  to  success,  in  the  more  deli- 
cate of  which,  however,  a  certain  susceptibility  of  eye  is  necessary ; 
for  there  is  the  greatest  difference  among  individuals  in  point  of  reti- 
nal impressibility'' '  ^  The  stimulus  of  intense  light,  such  as  that  of 
the  sun  r^arded  for  an  instant,  leaves  in  the  eyes  of  every  one 
secondary  images  which  only  die  off  very  slowly,  passing  through 
various  shades  of  colour ;  feebly  illuminated  objects,  again,  whether 
coloured  or  colourless,  leave  no  secondary  image  or  spectrum  behind 
them.  Taking  ourselves  as  the  subject  of  observation,  if  we  attempt 
,to  look  at  the  sim,  we  are  instantly  forced  to  turn  away  blinded;  the 
retina  then  shows  us  a  perfectly  black  spectrum  when  we  look  upon 
a  white  surface,  such  as  a  cloud,  or  even  the  clear  sky ;  but  if  the 
eyes  be  closed,  or  we  look  upon  any  dark  surface,  the  spectrum  is 
white.  In  the  latter  case,  the  spectrum  passes  through  the  series 
of  colouring  from  bright  to  black:  the  white  is  foUowed  by  yellow, 
orange,  red,  green,  violet,  and  finally,  black,  one  after  the  other. 


"^  IMfierent  eyes  seem  to  have  yery  different  capacities  to  form  spectral  or 
after-images.  Whilst  I  can  excite  them  at  any  moment  by  looking  at  a  copper- 
plate engraving  with  a  white  margin  and  a  black  frame,  even  in  a  very  moderate 
light,  I  sometimes  observe  that  one  half  of  my  auditors  are  unconscious  of  any- 
thing of  the  kind,  even  after  inspecting  brightly  illuminated  coloured  quadrates. 
Want  of  attention  and  of  the  faculty  of  observation,  however,  seem  frequently 
to  be  at  the  bottom  of  the  circumstance  now  alluded  to. 
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Was  the  image  dark  in  the  first  instance,  the  series  is  the  same,  but 
reversed — ^upon  the  black  comes  the  violet,  green,  red,  etc.  If  wc 
turn  to  the  bright  red  of  the  setting  sun  or  evening  sky,  the  after- 
images go  off  from  green  to  white ;  and  contrast  or  complemen- 
tary colours,  as  they  are  called,  succeed  the  fixed  inspection  of 
differently  coloured  fields.  The  spectral  or  complementary  colour 
of  red  is  green,  that  of  yellow  is  violet,  that  of  blue  is  orange,  and  the 
reverse' ".  Black  fields  again  appear  white ;  white  fields  look  black. 
These  different  impressions  in  the  retina  depend  on  the  corres- 
ponding or  stimulated  part,  subsiding  from  a  state  of  high  excite- 
ment into  one  of  rest,  which  implies  absence  of  all  action,  or 
obscurity.  Spectral  images  are  excited  with  the  greater  ease  the 
more  the  eye  has  been  tasked.  Spectra  always  appear  in  the  field 
of  vision ;  that  is  to  say,  wherever  or  to  whatever  the  eyes  are 
turned, — ^to  the  floor,  to  the  ceiling,  to  the  right,  to  the  left— ^ 
there  they  are  perceived. 

§  337.  In  the  phenomena  that  have  now  been  described,  one 
appearance  or  impression  ui)on  the  retina  eflaces  another,  and  the 
secondary  image  only  appears  gradually,  and  after  a  lengthened 
impression  of  the  primary  image.  There  are  other  phenomena, 
however,  where  one  impression  so  alters  another,  that  the  second 
remains  along  with  the  first,  the  second,  however,  being  the  oppo- 
site of  the  first.  To  this  order  belongs  all  exaltation  or  exagge- 
ration of  light  and  shadow,  of  coloured  and  colourless  images  by 
contrast.     It  is  an  admitted  fact,  that  every  shadow  is  exalted  by 


''^^  It  is  easiest  to  study  these  complementary  colours  by  cutting  out  squares 
or  circles  of  brightly  coloured  glazed  paper,  and  laying  them  upon  a  white 
ground  in  the  sim  or  a  very  vivid  light.  The  most  striking  experiments  are 
those  with  red  and  green  papers.  To  show  the  entire  effect  at  once,  however, 
a  head  may  be  painted  in  miniature  with  the  face  green,  the  coat  scarlet,  the 
hur  white,  and  the  waistcoat  violet,  the  whole  upon  a  black  ground  within  a 
white  margin.  When  the  eye  is  turned  from  this  picture  to  a  white  ground  at  the 
proper  distance,  the  spectrum  or  afler-image  appears  as  a  portrait,  the  size  of  life, 
with  a  ruddy  countenance,  black  hair,  green  coat,  and  yellow  waistcoat,  upon  a 
bright  ground,  the  whole  set  in  a  black  frame.  The  spectrum  in  this  and  other 
experiments  of  the  same  kind,  only  appears  gradually,  and  after  the  white  ground 
has  been  contemplated  for  a  few  seconds ;  it  gains  its  maximum  of  intensity  by 
degrees,  and  then  begins  slowly  to  fiide.  Goethe  in  his  Farbetdehre,  and  Muller 
in  his  Physiol,  d.  OesiehUinnesy  indicate  numerous  multiplications  and  ways  of 
varying  such  experiments. 

3  S 
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contrafit  in  the  ratio  of  the  intensity  of  the  light  by  which  it  ifl 
casty  or  as  we  say,  by  which  it  is  viewed.  One  of  the  simplest 
experiments  in  connection  with  this  point  may  be  instituted  every 
evening.  For  example,  with  two  candles  on  the  table,  of  the  same 
illuminating  power  but  some  little  way  apart,  let  the  shadow  of  a 
conunon  pencil  fall  upon  a  sheet  of  white  paper ;  two  shadows  are 
seen,  of  which  that  projected  by  the  nearer  light  is  always  the 
deeper.  K  the  more  remote  light  be  brighter  than  the  nearer  one, 
however,  if  a  good  lamp  be  substituted  for  the  candle,  things  are 
immediately  reversed ;  the  shadow  which  is  cast  by  the  more  dis- 
tant but  brighter  light  is  now  the  stronger.  Many  coloured 
shadows  depend  on  the  same  objective  causes.  Every  shadow  of 
a  body  cast  by  a  coloured  light  is  also  coloured^'*. 

§  338.  In  very  many  of  the  phenomena  now  mentioned,  objec- 
tive and  subjective  phenomena  are  blended  or  combined ;  for  all 
modes  or  states  of  the  senses  depend  on  the  mutual  influence  of 
external  agencies  and  internal  capacities  or  energies.  It  is  on  this 
account  that  contrast  or  complementary  colours  occasioned  by 
objective  colours  (§  336)  often  appear  as  subjective  phenomena. 
A  given  colour  requires  a  certain  other  colour  to  set  it  off,  and 
these  physiological  or  naturally  pleasing  contrasts  of  hues  corres- 
pond with  the  complementary  colours.  For  the  same  reason  that 
deep  shadows  are  produced  by  brilliant  illumination  (§  337),  do 
gray  fields  upon  white  grounds  appear  darker  than  when  they 
are  considered  in  themselves.  From  this  it  results  that  the 
retina  possesses  a  certain  genetic  power  :  —  under  particular 
illumination,  it  considers  colours,  eta,  in  their  simple  states, 
and  then,  by  virtue  of  a  kind  of  reaction,  it  calls  up  contrasts  which 
complete  the  original  and  simple  impressions. 

§  339.  These  subjective  considerations  in  the  doctrine  of  colours 
lead  us  naturally  to  speak  of  the  remarkable  peculiarity  presented 
by  certain  individuals,  in  reference  to  the  want  of  power  to  distin- 
guish one  colour  from  another.  It  is  well  known  that  the  judg- 
ment of  many  persons  is  singularly  def(^ve  or  perverted  in 

''^^  On  the  topics  discussed  in  the  preceding  paragraph,  see  the  writings  6t 
Goethe  and  J.  Mueller  already  quoted,  and  also  the  essay  of  Tourtal,  On  the 
appearance  of  Shadow^Die  Erscheimcng  dee  SchaJttene^  Berlin,  ISSO,  in  which 
there  is  much  that  is  ingenious  on  the  physiological  circumstances  connected 
with  the  production  of  shadows. 
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reference  to  certain  hues.  They  cannot  distinguish  green  from  red, 
hrown  from  blue,  etc  This  peculiarity  in  a  restricted  sense  is 
more  frequent  than  is  commonly  imagined.  The  generality  of  persons 
distinguish  one  bright  colour  from  another ;  but  very  many  have  no 
perception,  or  only  a  very  imperfect  perception,  of  what  are  called 
shades  of  the  same  colour.  It  is  remarkable  that  red,  one  of  the 
yery  bright  colours,  and  its  complementary  tint  green,  should  be 
those  in  which  the  greatest  and  most  general  deficiency  is  experi- 
enced :  red,  and  green,  and  gray,  cannot  be  distinguished  from 
one  another.  The  power  to  distinguish  yellow  is  very  seldom 
affected;  still  many  do  not  discriminate  readily  or  accurately 
between  this  colour  and  pure  white.  The  extent  to  which  the 
refringent  media  of  the  eye,  or  perhaps  the  chromatic  apparatus  of 
the  retina,  (the  columnar  layer  ?)  contributes  to  this  peculiarity,  is 
unknown.  It  is  curious  to  remark,  that  the  most  frequent  and 
striking  deficiency  in  the  perception  of  colours  is  in  connection 
with  the  least  refrangible  ray,  viz.  the  red'". 

"^^  See  on  this  subject  the  experiments  of  Seebeck,  in  Poggendorff*s  Aimden^ 
B.  42.  Among  twenty  persons  there  was  always  found  one  or  more  who  had 
the  faculty  for  colour  imperfectly  developed.  Such  remarkable  instances  as  the 
following  are  rare :  Goethe  speaks  of  two  individuals  who  could  not  distinguish 
rose-red,  blue,  and  violet,  nor  green,  deep-orange,  and  reddish-brown,  from  one 
another,  so  that  a  rose,  to  take  a  single  example,  appeared  to  them  of  pre- 
cisely the  same  colour  as  the  sky.  Wardrop  quotes  the  case  of  a  man  who 
could  only  distinguish  yellow  and  blue,  amidst  the  entire  circle  of  colours, 
which  all  appeared  to  him  mere  modifications  of  these  two  tints.  The  shades 
of  green  were  always  referred  by  him  to  yellow  or  to  blue,  as  either  of  these 
colours  predominated  in  the  mixture.  Grass  he  called  yellow  of  a  deeper  shade 
than  gamboge,  and  very  near  to  orange.  Red  and  olive  he  regarded  as  identi- 
cal, although,  when  he  had  the  two  together,  he  could  occasionally  distinguish 
between  them.  Cinnabar  and  bright  reds  he  called  yellow,  carmine  and  its 
tints  were  blue ;  a  scarlet  coat  for  instance  was  yellow,  a  crimson  scarf  was 
blue ;  red-ink  in  the  bottle  was  yellow,  dried  upon  paper  it  was  blue.  The  tract 
of  Szoklaski :  On  the  perception  of  colours  in  a  physiological  and  pathological 
point  of  View — Ueber  die  Empfindwng  der  Farben^  &c.,  Giessen,  1842,  contains 
many  other  instances  of  the  same  thing.  [The  function  of  the  eye  is  most  pro- 
bably limited  to  the  perception  of  light ;  any  quality  of  an  external  object,  other 
than  the  degree  of  its  illumination,  which  we  recognize  through  the  medium  of 
the  eye,  is  connected  with  an  internal  &culty,  with  which  that  quality  is  in 
relation;  the  eye  is  no  more  the  seat  of  the  sense  of  colour,  than  it  is  the  seat 
of  the  sense  of  configuration,  number,  or  position.  It  is  with  the  sense  of  colour 
precisely  as  with  the  sense  of  musical  sounds :  we  may  have  as  good  eyes  as  any 
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§  340.  All  the  phenomena  hitherto  considered  stand  more  or  lees? 
in  causal  connection  with  the  excitement  of  the  eye,  and  particularly 
of  the  retina  by  brilliant  light,  considered  as  a  physical  quality  of  a 
peculiar  kind.  There  are  other  phenomena  of  the  retina  which 
depend  on  its  excitation  by  other  powers,  and  these  are  particularly 
designated  subjective  visual  phenomena-  The  laws  of  optics 
have  no  immediate  influence  on  the  knowledge  of  these  phenomena; 
still  it  is  highly  interesting  to  contrast  them  with  the  condition  of 
the  retina  produced  by  the  stimulus  of  light  What  is  understood 
by  stimulation  or  excitement  of  the  retina  by  light,  corresponds  or 
is  identical  with  the  alterations  in  the  dynamical  state  of  this  mem- 
brane which  we  experience  in  ordinary  vision.  Repose,  non- 
excitement  of  the  retina,  is  the  cause  of  the  idea  in  the  mind  of 
darkness, — without  the  eye  we  could  have  no  sense  of  light ;  unices 
the  eye  be  susceptible  and  excited  we  have  none ;  the  world  of 
vision  is  to  us  non-existent.  We  can  satisfy  ourselves  by  a 
simple  experiment,  however,  that  without  images  of  external  objects 
we  can  still  feel  that  we  have  a  retina.  The  interesting  phenome- 
non of  the  vascular  image  in  the  eye  would  satisfy  us  of  this.  The 
vascular  image  is  most  readily  produced  by  holding  or  moving  in  a 
circle  a  bright  taper  or  wax-light  within  a  few  inches  of  the  eye. 
Gradually  we  acquire  the  impression  of  an  ample  bright  field, 
which  moves  with  and  before  the  eye ;  this  is  the  excited  or  illumi- 
nated retina.  The  field,  however,  is  not  uniform ;  dark  arborescent 
ramifications  make  their  appearance  upon  it,  which  have  the  exact 
anatomical  characters  of  the  arteria  et  vena  centralis  retinas ;  we 
can  even  perceive  the  dark  parts  where  the  vessels  pass  through  the 
optic  nerve.  This  very  interesting  phenomenon,  which  in  fact 
seems  calculated  to  give  us  the  best  idea  of  the  mode  of  action  or 
affection  of  the  retina,  arises  &om  the  parts  of  the  retina  which  are 

ID  the  world  for  perceiving  objects,  their  relations,  positions,  magnitudes,  &c. 
and  yet  be  incapable  of  distinguishing  red  from  green ;  just  as  we  may  have  the 
quickest  ears  for  the  gentlest  whispers,  and  yet  perceive  no  difference  between 
one  note  or  one  tune  and  another.  There  is  an  internal  faculty  which  perceives 
light  through  the  eye,  another  which  perceives  sound  through  the  ear ;  if  we  have 
knowledge  in  addition  of  the  qualities  or  peculiarities  of  light,  which  we  designate 
colour,  of  the  qualities  or  peculiarities  of  sound,  which  we  designate  tone,  this 
is  in  consequence  of  the  possession  of  two  other  internal  faculties  with  which 
these  new  kinds  of  knowledge  are  in  relation,  and  with  nothing  else.     R.  W.] 
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impinged  upon  and  excited  by  the  luminoufl  rays  appearing  as  self- 
illuminated  fields,  between  those  that  are  covered  by  the  vessels, 
(§  319,)  and  that  are  consequently  not  so  powerfully  excited  by  the 
rays  of  light  as  to  retain  any  impression.  It  is  in  this  way  that 
the  vessels  become  visible  as  dark  ramifications  upon  a  bright 
fieW*. 

§  341.  Other  subjective  optical  phenomena  may  be  produced  by 
other  stimuli  in  the  most  multifarious  ways.  Ist,  We  have  pres* 
sure  figures.  By  the  pressure  of  the  point  of  a  finger  or  the  head 
of  a  pin  upon  the  eye-ball  through  the  eye-lid  we  excite  a  variety 
of  luminous  figures — rings,  crosses,  stars,  checquers,  chains,  etc, 
which  are  also  produced  by  squeezing  the  eye-ball  with  the  orbicula- 
ris palpebrarum  muscle,  or  moving  the  eye  suddenly  and  with  an 
effort  from  one  side  to  another.  The  situation  in  which  these  pres- 
sure-figures appear,  is  remarkable ;  they  are  always  directly  oppo- 
site to  that  pressed  upon.  If  the  part  towards  the  inner  angle  of  the 
eye  be  tried,  a  luminous  ring  is  immediately  seen  towards  the  outer 
angle,  and  at  the  same  time  a  bright  spot  at  the  point  of  pressure  ; 
by  pressing  on  the  lower  part,  the  luminous  ring  appears  above,  by 
pressing  above  it  is  below,  etc.'®*.  2nd,  The  galvanic  or  electri- 
cal stimulus  causes  Imninous  forms  or  flashes ;  the  optic  nerve  is 
indeed  the  most  susceptible  of  all  the  nerves  to  this  stimidus.  A 
single  pair  of  plates  suffices,  in  excitable  individuals,  to  produce 
little  flashes  like  those  of  lightning  in  the  eyes ;  and  with  the  gal- 
vanic pile,  or   the  apparatus  of  induction   previously  mentioned, 

"'•**  On  the  topic  {generally  of  subjective  visual  phenomena,  see  the  admirable 
work  of  Purkinjo,  quoted  in  §  311.  The  experiment  just  described  succeeds 
with  the  greater  number  of  persons,  not  with  all.  [It  strikes  me  that  the  phe- 
nomenon  above  referred  to  is  no  fair  instance  of  subjective  vision — t.  e.  of  an 
action  of  the  retina  by  which  certain  impressions  are  presented  to  the  mind 
independently  of  external  excitement.  It  is  rather  a  secondary  effect  of  a  some- 
what powerful  antecedent  local  stimulation.  It  is  obviously  of  the  same  nature 
as  the  singing  in  the  ears  that  succeeds  the  subjection  of  these  organs  to  the 
excitement  of  loud  noises.  The  topic  of  subjective  vision  will'be  found  farther 
discussed  in  the  next  paragraph.    R.  W.] 

'35  These  pressure-images  are  readily  studied  in  our  own  persons  at  all  times ; 
Purkinje  and  Mueller,  (1.  cit.)  have  spoken  of  them  at  length.  [They  also 
occupied  the  attention  of  the  late  Mr.  Feam,  a  distinguished  metaphysical 
writer,  who  publislied  a  work  on  the  subject  under  the  title  of  Cerebral  Vuion^ 
with  Licveral  appendices.    H.  W.] 
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(§  243)9  l&i^e  sheets  of  light  present  themselves  to  the  vision,  on 
establishing  and  breaking  the  circle^  even  when  the  poles  are  applied 
to  distant  parts  of  the  body*'".  3rd,  Luminous  and  phantastical 
forms,  indeterminate  and  determinate,  waves  and  sparks,  images  of 
objects  unknown  and  known,  faces  beautiful  and  hideous,  landscapes 
often  beautifully  tinted,  etc.,  appear  to  us  in  the  depth  of  the  night, 
and  with  closed  eyes,  particularly  as  we  are  dropping  off  to  sleep, 
and  in  the  course  of  our  dreams.  The  impressions  we  receive  in 
this  way  are  often  so  strong,  that  even  on  becoming  wide  awake  we 
have  difficulty  in  persuading  ourselves  that  all  has  been  unreal, 
that  we  have  been  the  sport  of  our  own  partially  active  senses  and 
internal  faculties.  Many  of  the  phantasms  perceived  under  such 
circumstances  are  recognised  as  after-images,  as  rcnewak  or  repe- 
titions by  the  senses  of  previously  received  impressions,  at  the 
dictates  of  the  compound  mental  act  which  we  call  the  imaginar 
tion*'^     4th,  Pathological  phantastical  images,  precisely  similar  to 

"^^  I  find  the  apparatus  of  induction  very  available  here.  K  the  poles  be 
made  to  touch  the  internal  surfiice  of  either  cheek,  the  masses  of  light  that  ap- 
pear are  of  extraordinary  breadth ;  placed  in  the  ears,  girdle-like  streaks  of 
light  pass  round  before  the  eyes.  I  have  known  the  galvanic  stimulus  excite  such 
luminous  appearances  in  a  case  of  almost  complete  amaurosis.  Purkinje  by  using 
high  powers  produced  more  determinate  and  also  coloured  figures.  With  twenty 
pairs  of  plates  the  flashes  were  of  a  bright  violet,  and  this  by  changing  the  pole, 
was  changed  into  yellow.  When  he  pressed  any  point  of  his  eye  at  the  time  of 
the  experiment,  the  galvanic  luminousness  appeared  confined  by  the  pressare- 
image,  and  by  continued  and  augmented  pressure,  the  arborescent  figure  of  the 
eye  described  at  §  340  was  produced ;  every  time  a  discharge  took  place  the  whole 
retina  was  illuminated  with  a  most  beautiful  bright  violet  tint,  which  flashed 
from  the  point  where  the  optic  nerve  enters,  over  the  whole  of  the  retina,  of 
which  a  much  larger  portion  became  perceptible  to  the  right  and  left  than  in 
the  experiment  as  ordinarily  performed  with  a  taper. 

'^y^  This  matter  will  be  taken  up  again  in  the  general  physiology.  When 
these  subjective  spectral  images  are  vivid  and  permanent,  and  show  themselves 
to  the  open  eyes,  they  are  always  connected  with  a  pathological  cause ;  and 
they  sometimes  give  rise  to  hallucinations.  [This  is  one  of  the  most  interesting 
topics  in  the  whole  physiology  of  the  senses,  and  it  is  one  that  is  also  highly 
important  in  a  psychological  point  of  view.  It  is  in  fact  connected  with  dreams 
and  visions,  ghosts  and  apparitions,  to  which  all  men  in  the  earlier  ages  of  the 
world,  and  the  ignorant,  the  weak,  and  the  vulgar,  at  the  present  day,  still  attach 
so  much  importance.  These  are  all  as  much  subjective,  or  dependent  on  inter- 
nal motions,  as  the  circulation  of  the  blood  or  the  digestion  of  the  food,  and  are 
no  more  connected  with  the  prospects  of  individuals,  or  the  cunent  of  events, 
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the  physiological  ones,  are  constantly  occurring  in  the  course  of 
diseases:  the  fevered  man's  bed  is  surrounded  by  crowds  of  discord- 
ant and  harmonious  images ;  the  patient  affected  with  what  is  called 
delirium  tremens,  and  the  maniac,  are  attended  in  the  same  way,  so 
also  is  he  who  is  under  the  influence  of  narcotics,  or  who  has  merely 
some  local  mischief  going  on  within  his  eyes.  The  appearances  in 
the  latter  case  are  often  distinctly  referable  to  unusual    action 

than  is  the  fiiint  echo  of  the  melody  which  we  heard  yesterday,  and  which 
haunts  us  through  the  whole  of  to-day.  When  the  individual  is  aware  that  the 
spectre  or  apparition  which  has  appeared  to  him,  or  that  attends  him, — ^for  many 
men  have  had  their  familiar  spirits  to  wait  upon  them  continually  for  years,  and 
that  not  always  clothed  in  the  most  questionable  or  likely  shape,— exists  in  his 
retina  or  in  his  mind  only,  that  it  has  no  existence  in  fact,  he  is  labouring  under 
a  kind  of  insanity  either  of  the  retina  or  of  that  part  of  the  brain  which  perceives 
visible  objects.  His  proper  consciousness  and  his  reasoning  powers  are  unaf- 
fected; he  knows  that  beyond  himself  there  is  no  such  thing  as  that  which  he 
beholds.  Sometimes  we  can  assign  a  very  satisfactory  reason  for  the  appear- 
ance of  apparitions :  we  find  it  almost  natural  that  to  the  mind  of  Brutus,  medi- 
tating in  silence  and  solitude  on  his  past  fortunes  and  the  chances  of  the  strug- 
gle in  which  he  is  then  eifgaged,  reverting  at  the  same  time  with  infinite 
bitterness  to  the  first  guilty  step  in  his  career,  the  likeness  of  the  principal  actor 
in  the  tragedy  should  take  shape  and  substance  before  him.  The  ghosts  that 
females  and  persons  of  afiectionate  nature  have  seen,  are  almost  always  the 
simulacra  of  dear  departed  fiiends, — ^mothers,  sisters,  lovers,  &c.  How  grandly 
has  our  Shakspeare  availed  himself  of  this,  as  of  all  else  that  is  natural  in  our 
constitution,  when  he  marshals  his  hero  with  a  phantom-dagger  "  the  way  that 
he  was  going,**  and  before  his  very  fixed  gaze  makes  "  gouts  of  blood  to  stand 
upon  its  blade  and  dudgeon,  which  was  not  so  before.**  In  this  brief  scene,  the 
poet  gives  in  fact  the  history  of  all  apparitions :  they  are  false  creations  pro- 
ceeding fix>m  the  '*  heat-oppressed  brain,**  which,  powerfully  excited,  **  makes  the 
eyes  fools  of  the  other  senses,** — of  the  better  senses,  it  may  be,  as  well  as  of 
the  worse.  Dr.  Ferrier  and.Dr.  Hibbert,  in  their  several  works  "On  ApparUumg^^ 
have  treated  this  interesting  subject  in  a  more  perfectly  philosophical  and  enlight- 
ened spirit  than  any  other  writers.  R.  W.]  The  dreams  of  those  who  have 
lost  their  sight  give  us  strong  assurance  that  all  such  phenomena  are  but  after- 
images. Shortly  after  their  loss  of  sight,  the  blind  have  vivid  dreams  of  coloured 
objects;  but  these  dreams  become  gradually  rarer  and  rarer.  Even  in  cases 
where  the  retina  and  eye  have  been  entirely  destroyed,  such  dreams  occur,  and 
sparkles  and  flashes  of  light  are  occasionally  beheld,  before  the  eyes,  as  it  seems, 
but  in  fact  before  or  in  that  part  of  the  brain  which  is  the  origin  of  the  optic 
nerve  and  the  immediate  seat  of  vision.  The  poor  patient  is  sometimes  de- 
ceived by  this,  and  believes  that  he  has  recovered  his  sight.  Vide  Hermann, 
On  Optical  Debuums^  BUdung  der  Guichttvarsteliungen,  p.  165. 
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locally ;  there  is  a  kind  of  tnrmoil  and  moving  to  and  fro  of  lumi- 
nous or  dark  points^  which  have  often  a  pulsative  motion.  These 
very  certiunly  depend  on  a  consciousness  of  the  motion  of  the  blood 
in  the  vessels  passing  athwart  the  field  of  vision' ••,  in  consequence 
of  excitement  and  congestion  of  the  circulating  system  of  the  eye. 
Perhaps  the  images  that  follow  the  administration  of  narcotics — 
opium,  digitalis,  belladonna,  etc,  are  also  explicable  through  the 
affection  of  the  circulation  that  occurs  under  their  use. 

§  342.  I£  it  be  true  that  the  operations  of  the  soul  have  an  im- 
mense influence  over  the  actions  of  the  organs  of  sense  in  general, 
it  is  especially  so  with  reference  to  that  of  vision.  We  are  in  fact 
much  accustomed  to  regard  certain  effects  as  immediate  products  of 
the  action  of  the  organs  of  sense,  which  are  far  rather  connected  with 
a  higher  act  of  the  souL  This  reciprocal  influence  is  conspicuous  in 
all  the  visual  acts  which  we  perform  with  purpose  or  intent 
When  we  turn  our  attention  to  an  object  that  attracts  us,  we 
perceive  the  most  minute  details  that  would  else  escape  us  altoge- 
ther. We  then  go  over  the  surface  of  the  object  with  the  axes  of 
the  eyes  in  the  most  favourable  position  for*  distinct  vision,  and  our 
mind  is  wide  awake  to  every  impression  that  is  made  upon  the 
retina ;  just  as  in  feeling  an  object  we  pass  our  hand  over  it  in  all 
directions,  and  bring  the  largest  possible  quantity  of  surfiicc  into 
contact  with  it  (§  278).  When,  on  the  contrary,  we  are  sunk 
in  thought,  when  our  minds  are  occupied  with  something  else,  we 
are  apt  to  see  nothing  of  all  that  lies  or  happens  around  us, — we 
stare  vacantly  from  us. 

'^^  Steinbnch  and  Purkinje  will  have  it,  that  they  had  seen  the  circulation  in 
their  own  eyes.  After  great  stndning  of  the  eye  upon  a  bright  white  suiftce 
very  close  to  it,  Purkinje  observed  a  clear  circle  to  arise,  and  beside  it  a  dark 
spot  in  the  middle  of  the  field  of  vision ;  here  he  observed  two  perpendicularly 
disposed  fiiint  lines,  along  which  rows  of  blood-discs  ascended  in  the  one,  de* 
scended  in  the  other.  By  stooping  for  a  moment,  suddenly,  it  is  very  common 
to  have  the  sense  of  sparks  and  flashes,  owing  apparently  to  the  temporary  con- 
gestion that  is  induced.  In  trying  the  effects  of  digitalis  in  large  doses,  on 
himself  Purkinje  had  luminous  figures,  concentric  circles  with  rosettes  in  the 
middle,  which  he  calls  glimmer-roses,  &c.,  present  to  his  sense  of  sights  he,  c&. 
p.  120,  Fig.  38—40.  Purkinje  concludes  fix>m  his  numerous  and  varied  experi- 
ments, that  behind  the  whole  host  of  impressions  of  light,  of  indefinite  shapes, 
&€.,  there  is  always  something  special  and  that  with  due  attention  can  be  referred 
to  a  definite  form  and  quality — ^to  impfessions  recently  made  on  the  retina,  or 
strongly  fixed  in  the  memory,  etc. 
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In  judging  of  the  distance  of  objects^  we  take  into  account  their 
known  magnitude,  and  the  distinctness  with  which  their  several 
parts  are  seen ;  we  at  the  same  time  call  in  our  powers  of  compa- 
rison ;  we,  in  short,  make  use  of  our  senses  in  conjunction  with  our 
other  faculties,  and  then  form  estimates  which  through  habit  often 
appear  to  us  as  effects  proceeding  immediately  from  impressions 
made  upon  the  senses,  but  which  are,  in  fact,  results  of  previous 
knowledge  and  experience,  though  they  are  not  generally  considered 
as  such.  Children,  and  persons  who  have  gained  their  sight  some- 
what late  in  life  after  successful  operations  for  cataract,  have  been 
said  to  see  all  things  at  equal  distances,  or  on  the  same  plane.  Our 
judgment  of  the  forms  of  objects  by  means  of  the  eye  is  also 
acquired,  or  is  the  effect  of  experience.  With  all  our  experience 
we  are  nevertheless  often  deceived  in  the  end,  for  we  cannot  see 
objects  in  a  well  painted  picture  otherwise  than  at  different  dis- 
tances and  possessed  of  substance,  whilst  they  are  all  as  we  know  upon 
a  plane,  and  mere  shadows^  ^'^.     Attention  and  exercise  have  im- 

[7^^  Metaphysicians  and  physiologists  have  puzzled  themselves  greatly  about 
the  capacity  of  the  senses  severally,  to  perform  their  own  offices,  and  also  in 
regard  to  the  degree  in  which  man  and  animals  are  what  they  are,  through  the 
operations  of  their  senses.  According  to  one  school  of  philosophy,  all  our 
faculties,  both  intellectual  and  moral,  and  all  our  knowledge,  are  the  effects  of 
impressions  made  on  the  senses ;  according  to  another,  the  senses  are  the  mere 
implements  by  which  the  mind  works,  and  instead  of  informing  the  spirit,  they  are 
much  rather  perpetually  leading  it  astray.  These  philosophers  are,  therefore,  loud 
in  their  warnings  against  the  illusions  of  the  senses.  A  third  school  reject  the 
senses  entirely,  and  retiring  into  their  closets  propose  to  discover  the  faculties 
of  the  mind  and  their  mode  of  operation,  by  meditating  on  the  subjects  of  their 
own  consciousness. — As  simple  physiologists,  we  must  admit  both  internal  and 
external  faculties  or  senses,  each  of  which  acts  by  the  medium  of  a  distinct 
organ,  which  in  every  case  suffices  fbr  its  own  function.  All  that  has  been 
written  upon  the  mutual  rectification  of  the  senses,  whether  by  one  another,  or 
by  the  internal  faculties,  niust  be  received  with  much  caution.  I  do  not  believe 
for  instance  that  the  faculty  of  judging  of  the  relative  distances  of  objects,  is  any 
effect  of  the  internal  intellectual  act  of  comparison.  The  laws  of  perspective 
and  the  laws  of  vision  are  in  harmony,  and  we  must  needs  see  this  object  nearer, 
that  more  remote,  as  we  must  see  this  to  the  right  hand,  that  to  the  left,  inde- 
pendently of  all  experience  or  previous  knowledge.  It  is  neither  more  nor  less 
than  a  physical  impossibility,  that  persons  who  have  recovered  their  sight  after 
operations  fbr  cataract,  should  see  all  objects  on  the  same  plane.  They  may 
not  be  able  to  judge  of  the  precise  amount  of  greater  proximity  or  distance 
between  one  object  and  another,  but  if  they  see  at  all,  they  must  see  objects 

3   T 
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mense  influence  in  connection  with  the  performance  of  its  office  by 
the  eye.  Nomadic  races  of  men,  inhabiting  extensive  plains  and 
steppes,  who  are  at  the  same  time  warlike  in  their  habits,  possess  a 
keenness  of  vision  of  which  we  can  hardly  form  any  conception'*®. 
The  language  of  the  eye — the  look,  belongs  to  what  we  call 
expression,  and  is  connected  with  the  actions  of  the  internal  and 
external  muscles  of  the  eye. 

§  343.  There  is  a  great  variety  of  other  topics  with  which  physi- 
ologists have  frequently  taken  an  infinity  of  pains  to  little  purpose, 
most  of  the  points  being  absolutely  beyond  the  true  province  of 
physiology,  and  this  science  furnishing  no  data  in  regard  to  their 
explanation.  To  this  division  I  would  refer  the  enquiry  :  where- 
fore with  reversed  images  upon  the  retina,  objects  are  still  seen 
erect  ?  (§  324).  At  the  present  time,  that  view  according  to  which 
conceptions  of  reversed  and  erect,  of  right  and  left,  are  merely 
relative,  is  very  generally  admitted.  Since  the  eye  that  regards^ 
leaves  all  things  in  their  local  relations, — as  it  reverses  all  things, 
the  soul  or  percipient  principle  has  no  term  of  contrary  compari- 
son ;  to  see  things  in  general,  otherwise  than  reversed,  one  at  least 
among  them  must  show  itself  not  reversed,  and  this  is  a  contingency 
that  can  never  happen.  All  attempts  to  explain  the  phenomenon 
of  erect  vision,  whilst  we  have  the  retinal  images  reversed,  must 
necessarily  fail'**. 

some  closer  at  hand,  others  more  remote.  Neither  do  I  believe  that  our  ideas 
of  form  are  effects  of  experience.  Through  what  medium  is  the  experience 
gained  ?  Unquestionably  the  rays  of  light  proceeding  from  a  cube,  impress  the 
retina  differently  from  those  proceeding  from  a  sphere,  and  engender  the  idea 
of  a  different  image  in  the  mind,  in  connection  with  the  presence  of  each  of 
these  solids,  and  this  at  once  and  independently  of  all  experience.  In  short, 
each  sense  suffices  for  its  own  function,  and  is  independent  of  the  other  senses, 
and  of  the  internal  faculties.  The  eye  perceives  and  judges  of  light  and  ita 
degrees  apart  from  every  consideration  of  form,  colour,  number,  &c.  Every 
sense  may  nevertheless  be  greatly  improved  and  strengthened  by  exercise,  both 
by  itself  and  in  conjunction  with  the  other  senses  and  faculties.  R.  W.] 

'^^  Recent  travellers  speak  of  the  wonderful  power  of  vision  possessed  by  the 
inhabitants  of  the  Asiatic  steppes,  who  from  clouds  of  dust  upon  the  verge  of  the 
horizon,  invisible  to  all  other  eyes,  even  when  aided  with  the  telescope,  save 
their  own,  oflen  proclaim  the  movements  of  enemies. 

'^^^  Volkmann  and  MQller  have  gone  at  length  into  this  subject,  and  shown 
the  deficiencies  and  errors  of  all  the  explanations.  The  literature  on  erect  vision 
is  very  copious.     Bartels'  CofUribtUiofis  to  the  Fkysklogy  of  VimoH^  BerL  1834, 
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$  34fi,  As  bj  means  of  the  ear  we  recognise  certain  relations  in 
tones,  which  form  the  basis  of  melody  and  harmony  in  music,  so 
by  the  eye  are  we  conscious  of  something  of  the  same  kind  in 
reference  to  colours.  Combinations  of  the  complementary  colours 
are  always  felt  as  agreeable  to  the  eye,  whilst  associations  of  tints 
that  stand  in  no  kind  of  relationship  to  one  another,  make  an 
unpleasant  impression  on  the  sight,  and  are  held  as  outraging  good 
taste.  There  is  certainly  a  harmony  of  colours,  as  well  as  one  of 
tones ;  and  as  all  are  not  alike  awake  to  the  sequence  of  tones,  and 
to  the  effects  of  combinations  between  them,  so  neither  are  all  alike 
sensitive  to  tasteful  combinations  of  colours,  and  this  without  any 
reference  to  the  general  excellence  of  the  sight  for  ordinary  objects. 
Savage  tribes  and  the  vulgar  generally,  are  fond  of  glaring  colours, 
red  and  yellow  in  particular,  and  they  combine  them  without  any 
offence  to  their  eyes,  never  feeling  the  necessity  of  resolving  the 
discord  between  them,  by  the  introduction  of  a  complementary 
tint.  These  are  subjects  in  the  study  of  the  functions  of  the  senses, 
that  evidently  interest  art  and  its  progress,  more  than  the  special 
physiology  of  man ;  they  cannot,  in  short,  be  treated  of  isolatedly 
with  propriety  here ;  what  else  may  fairly  be  said  of  them,  belongs 
to  the  general  physiology. 


SECTION  III. 


OF  THE  STRUCTURE  AND  FUNCTIONS  OF  THE  BRAIN  AND 

SPINAL  CHORD. 


General  Morphology  of  the  Brairu 

§  34f5.  We  can  scarcely  be  said  yet  to  possess  a  philosophical 
anatomy  of  the  brain.  The  mode  in  which  the  organ  had  hitherto 
been  studied  led  to  little  more  than  the  enumeration  of  certain 
particular  and  isolated  parts,  the  forms  and  connections  of  which 
were  sought  to  be  learned  by  means  of  perpendicular  and  horizontal 

and  Berthold,  On  the  erect  potUum  of  vitibU  Ohfecti,  Gotting,  1835  (both  in 
Crennan);  miiy  be  consulted  on  the  subject. 
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cuts  through  its  entire  mass.  This  was  merely  a  mechanical 
anafomy  of  the  br^n;  and  we  in  fact  learned  no  more  from  it,  than  we 
should  have  discovered  of  the  structure  of  the  liver  by  slicing  it  first 
perpendicularly  and  then  horizontally,  and  carefully  describing  the 
various  appearances  which  we  saw  upon  the  surface  of  our  cuts. 
Happily  comparative  anatomy  and  the  history  of  animal  evolution 
have  lately  .given  us  some  leading  principles,  and  we  may  now  hc^ 
for  an  assured  and  onward  progress  in  this  important  department. 
It  is  interesting  to  remark  that  wherever  an  insight  into  the  nature 
of  the  function  or  functions  performed  by  an  organ  has  been  wanting, 
there  has  the  structure  also  remained  more  or  less  obscure ;  we  feel 
the  want  of  everything  like  a  guiding  principle  in  the  anatomical 
enquiry  ;  of  this  truth  we  have  satisfactory  assurance  in  the  cases  of 
the  thyroid,  thymus,  and  suprarrenal  bodies  and  spleen.  The 
functions  of  the  parts  of  the  brain  are  unknown  to  us,  it  is  true,  but 
then  a  general  survey  of  the  morphology  of  the  oigan,  in  which  the 
object  to  be  steadily  kept  in  view  would  be  to  make  out  the  essential, 
typical  parts  in  its  structure,  might  be  expected  to  throw  some  feeble 
light  upon  the  nature  and  connection  of  its  elements. 

In  entering  upon  this  task,  we  have  as  it  were  a  fourfold  patli  to 
tread.  1st,  We  have  to  investigate  the  various  forms  presented  by 
the  several  parts  of  the  brain  in  the  animal  series,  and  endeavour  from 
this  grand  comparative  survey  to  distinguish  general  or  even  universal 
conditions   from  such  as  are  partial  only  or  even  accidental^  ^*. 

''^^  The  great  importaDce  of  this  mode  of  proceeding  is  now  generally  recog- 
nized. MiiUer,  in  his  Phynology^  aays :  '*  In  no  department  of  physiology  can 
greater  advantage  be  taken  of  comparative  anatomical  inqairies,  than  in  that 
which  has  the  brain  for  its  object."  B.  ii.  S.  805.  This  consideration  has  in 
fact  led  me  to  give  a  pretty  extensive  series  of  figures,  illustrative  of  the  mor- 
phology of  the  brain,  in  my  Icoties  PhysiohgiceB ;  some  few  errors  and  omissions 
in  which  I  have  taken  the  opportunity  to  correct  and  supply  in  my  Jeanes 
Zootamica^  Lips.  1841. — The  worktf  of  Tiedemann,  on  the  brain,  are  classical. — 
IcoTie^  cerebri  Hmiarum  et  guorundam  mammajfivm  rorwrum^  M.  Heidelb,  1821; 
Comparison  of  the  brain  of  the  Negro  with  that  of  the  European^  ZeitschytfUr 
Physiologic,  B.  ii.  and  4to,  Heidelb,  1837.  The  figures  of  both  Serres  and  Des- 
monlins  are  to  be  viewed  as  extremely  imperfect ;  Serres,  Anatomic  du  Cerveau 
dans  les  quaire  dasses  dPantmaux^  &c,,  2  Tom.  8vo,  Atlas  in  4to,  Paris,  1827; 
Desmoulins,  Anat  Comparie  du  Systems  Nervenx^  &c.,  9  Tom,  1825.  We  find 
much  better  figures  of  the  brains  of  nuimmals  in  the  work  of  Leuret :  Anatomie 
comparie  du  Systeme  Nerveux  dans  ses  rapports  avec  Vtat^Oiigmeey  Paria,  1889, 
of  which  the  1st  vol.  and  two  numbers  of  the  Atlas  haye  appeared.    At  the 
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2nd,  With  theie  permanent  forms  thus  disoovered,  we  faaye  to  com- 
pare the  brain  in  its  different  stages  of  developmenty  in  the  foetus  and  at 
various  periods  of  life^  '^'.  3rd,  We  have  to  pursue  the  primitiye  fibres 
and  their  extensions  frcHn  the  nerves  and  spinal  chord,  and  trace  them 
as  fiir  as  possible  into  the  substance  of  the  brain,  to  observe  their 
relations  to  the  aggregations  of  gray  matter  (ganglionic  corpuscles) 
and  their  combinations  one  with  another,  as  well  as  with  the  several 
divisioDS  and  subdivisions  of  the  cerebral  parts^^'^.  4th,  We  have  to 
question  pathological  appearances  and  phenomena,  particularly  con- 
genital deficiencies  and  malformations  of  the  brain,  and  to  see  whether 
from  these  aught  can  be  won  for  the  illustration  of  the  functional 
phenomena  of  the  healthy  and  well  formed  organ''  ^  ^.  The  a^ociation 
of  these  various  lines  of  inquiry  will  by  and  by  be  found  to  supply 
us  with  certain  general  data  for  more  particular  physiological  infer- 
ences.— It  is  presumed,  of  course,  in  entering  upon  this  subject,  that 
the  reader  is  familiar  with  the  details  usually  contained  in  elementary 
anatomical  works^'^^ 

present  time,  almost  all  our  zootomical  knowledge  of  the  brain  is  confined  to 
that  of  the  arrangement  and  relative  size  of  its  larger  divisions. 

''^  The  history  of  the  evolution  of  the  brain  has  already  been  treated  of  fully 
in  the  First  Book,  to  which  I  therefore  refer. 

'^**  Upon  the  carrying  out  of  this  principle,  depends  that  satisfactory  anatomy, 
and  perhaps  physiology,  of  the  nervous  system,  which  is  yet  in  the  womb  of 
time.  One  of  the  greatest  achievements  in  Anatomy  would,  in  &ct,  be  to  give 
a  graphic  exposition  of  the  fibrillation  of  the  brain  and  spinal  chord,  even  of  a 
single  animal — to  resolve  these  parts  in  the  frog,  for  instance,  into  their 
primitive  fibres.  At  present  there  is  no  prospect  for  us  in  this  direction ;  insu- 
perable difficulties  seem  even  to  oppose  the  successful  accomplishment  of  such 
a  task.  All  we  have  hitherto  had,  has  been  a  rude  indication  of  the  course  of 
the  principal  fibrous  bundles  in  the  brain. 

****  The  pathological  data  we  possess  are  both  very  few  and  very  unsatisfac- 
tory. The  defective  knowledge  among  the  majority  ofmedical  practitioners  of  the 
anatomy  of  the  brain,  the  clumsy  and  incomplete  dissections  that  are  made  of  it, 
^c,  satisfy  us  that  we  can  only  use  the  information  obtained  from  such  sources 
^ith  the  greatest  circumspection  in  our  physiological  studies.  Bnrdach,  in  his 
great  work,  On  the  Brain^  has  attempted  to  give  a  summary  of  the  results 
obtained  from  post  mortem  dissections,  and  has  shown,  that  no  kind  of  general 
inference  can  be  safely  drawn  fi'om  them.  The  older  and  more  recent  researches 
upon  congenital  idiotcy,  and  the  cranioscopical  inquiries,  of  which  we  shall  speak 
hy  and  by,  are  of  fkr  more  importance. 

"***  The  anatomical  labours  of  the  last  century  are  as  good  as  useless;  even 
the  extensive  and  careful  work  of  Vicq  D' Azyr  :  Traits  ^Anatomie  et  de  Phy 
**ologu;^  fol.,  Paris,  1786 — 90,  is  altogether  unsatisfactory.  Our  better  know- 
ledge of  the  brain  may  be  said  to  begin  with  Socmmerriug,  who  nevertheless 
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§  S46.  It  is  easy  to  trace  a  progresaiye  advanoement  in  the 
structure  of  the  brain  through  the  entire  series  of  vertebrate  animals 
from  the  fish  up  to  man.  In  fishes  the  several  parts  lie  distinct 
from  one  another  in  the  form  of  globular  masses  one  behind  another. 
If  these  divisions  be  followed  in  iiny  of  our  commoner  fishes,  such  as 
the  pike,  the  skate,  or  dogfish,  from  behind  forwards,  we  see  the  spinal 
chord,  which  is  divided  into  posterior  and  anterior  tracts  or  strands, 
precisely  as  in  man,  enlar^ng  into  the  first  distinct  cerebral  part — 
the  medulla  oblongata,  which  must  needs  be  regarded  as  a  true  and 
integral  portion  of  the  brain.  From  this  part  arises  the  acoustic 
nerve — it  is  the  cerebral  part  in  immediate  relationship  with  the 
nerve  of  hearing ;  but  it  does  not  exist  for  this  alone ;  it  is  in 
communication  with  the  whole  of  the  other  cerebral  pairs  except  the 
two  most  anterior.  The  medulla  oblongata  is  best  and  most  properly 
entitled  the  post-cebebruh.  In  front  of  the  medulla  oblongata,  and 
also  of  the  cerebellum,  which  will  immediately  be  mentioned,  we 
observe  a  pair  of  ganglions  which  in  the  bony  fishes  present  themselves 
as  a  couple  of  large  vaulted  hemispheres,  in  the  cartilaginous  fishes 
again,  as  two  much  smaller  hemispherical  elevations.  In  bony  fishes, 

coDfioed  himself  to  the  relative  deyelopment  of  its  Beyeral  grand  divisions,  and 
to  the  origin  of  the  nerves.  His  chief  works  are  his  Tabuia  baseas  EneephaH^ 
1799;  AcademiccB  adnakUionea  de  cerebri  fxdmmuiraiiomlms  anaiomicu^  in  the 
Memoirs  of  the  Academy  of  Munich,  1808,  and  his  Quatuor  hominu  adtdti  emee- 
phalum  deecribentes  Tabula;  edited  by  D* Alton,  1839.  Gall  is  the  next  who 
deserves  mention  in  connection  with  the  anatomy  of  the  brain,  and  his  merits 
are  great ;  his  discoveries  are  consigned  in  the  work  of  which  he  began  the 
publication  conjointly  with  Spurzheim :  Anatomie  et-  Phynoiogie  du  Sysieme 
Nerveux  en  ghieral  et  du  cerveau  en  parHcuUer,  Paris,  1809 — 1819,  4  vols!,  4to; 
Reil,  however,  had  already  begun  the  publication  of  his  papers.  On  the  AnaJbnny 
q/'Cfte  Brcitii,  which  he  continued  through  the  8th,  9th,  and  11th  vols,  of  his 
Archives  for  Physiology  (1807,-8,-9,  &c.) ;  and  it  must  be  allowed  that  ReiTs 
plates  are  still  among  the  best  we  possess,  particularly  on  the  structure  of  the 
cerebellum.  [See  what  I  have  said  before  on  the  historical  question  here 
involved.  R.  W.]  Burdach  made  a  farther  step  in  the  right  direction  in  his 
great  work  On  the  Structure  and  Vital  Endowments  of  the  Bram^ — Vom  Boms 
und  Leben  des  Oehims,  3  vols.  4to,  1819 — ^26,  which  unfortunately  is  illustrated 
with  too  few  plates.  The  best  iconographic  works  on  the  brain  of  the  present 
day  are  those  of  Langenbeck  in  his  Tabuhe  AnatomiccBy  and  especially  of  Arnold, 
in  his  Tabula^  in  studying  which,  the  work  of  the  same  author,  entitled,  Ohser* 
rations  on  the  Structure  of  the  Brain  and  Spinal  Marrow-*Bemerkwngtn^  kc^ 
Svo.  Zurich,  1838,  ought  to  be  consulted.  See  also  my  loones  Pkysiaiogietty 
Tab.  zxvii,  where  many  of  the  most  important  points  are  brouf^t  together. 
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the  pike  for  example,  these  ganglia  are  hollow  intemally^,  (they 
enclose  the  third  ventricley)  and  upon  their  floor  several  smaller 
ganglia,  analogues  of  the  corpora  quadrigemina  and  corpora  striata 
in  quadrupeds  and  man,  are  developed;  and  more  than  this,  certain 
transverse  bands  of  connection,  analogues  of  the  posterior  and  soft 
commissures  in  the  human  subject.  These  middle  parts  or  ganglia, 
from  which  the  optic  nerves  take  their  rise  by  several  large  roots, 
I  call  the  MESO-CEREBRUM.  In  cartilaginous  fishes  this  division  is 
narrower  and  smaller ;  it  falls  into  a  subordinate  ganglionic  pair, 
which  represent  the  corpora  quadrigemina,  and  a  more  anterior 
narrow  part  with  a  patent  internal  cavity  (the  third  ventricle). 
From  the  meso-cerebrum  the  optic  nerve  arises  in  cartilaginous  as 
well  as  in  bony  fishes.  It  is  therefore  the  cerebral  part  in  most  inti- 
mate connexion  with  the  optic  nerve.  Occasionally  we  observe 
accessory  ganglia  developed  in  its  circumference. 

Still  farther  forward^  we  come  to  another  pair  of  parts  or  ganglia, 
which,  in  the  bony  fishes,  are  very  small,  lie  much  apart,  and  are 
connected  by  a  commissure  corresponding  to  the  anterior  commis- 
sure of  higher  animals.  With  this  division  we  find  the  olfactory 
nerve  connected,  but  not  immediately,  for  the  nerve  seems  rather  to 
proceed  from  an  enlargement  situated  in  front  of  it,  the  olfactory 
ganglion.  In  cartilaginous  fishes,  where  the  olfactory  nerve  is 
larger  than  in  bony  ones,  this  division  also  presents  itself  more 
highly  developed.     I  entitle  it  the  pro-cerebrum. 

We  have  yet  to  discover  the  part  which  corresponds  with  the 
CEREBELLUM.  We  meet  with  it  as  an  azygous  enlargement  in  the 
cyclostomes,  as  a  narrow  commissure  or  bridge  in  the  proper  car- 
tilaginous fishes,  and  as  a  much  larger  and  often  lobulated  mass  in 
the  true  bony  fishes.  Internally  it  contains  a  cavity  which  corres- 
ponds to  the  fourth  ventricle  in  man. 

The  third  ventricle  is  very  commonly  seen  lengthened  out  into 
an  infundibulum,  connected  with  the  extremity  of  which  there  is 
often  a  very  large  pituitary  gland  (hypophysis  cerebri).  It  is 
doubtftil  whether  or  not  fishes  have  any  pineal  gland ;  something 
analogous  to  it  however  exists  both  in  the  bony  and  cartilaginous 
orders,  and  even  the  cyclostomes  have  an  azygous  lappet  which  may 
be  held  its  analogue^  *  \ 

"^  *^  It  therefore  appears  from  the  preceding  view  that  there  are  three  principal 
divifioDS  recognizable  in  the  brain  of  flshea,  besides  the  indubitable  cerebellum — 
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§  347.  We  find  the  same  eesential  forms  of  parts  and  mode 
of  composition  in  the  brains  of  amphibia  which  we  have  just 
noticed  in  fishes.  The  naked  amphibia,  such  as  the  &og,  newt,  etc 
approach  most  nearly  to  the  lowest  of  the  cartilaginous  fishes  in  the 
structure  of  their  brain.  In  front  of  the  medulla  oblongata  we  ob- 
serve the  cerebellum  in  the  guise  of  a  narrow  medullary  band,  in 
which  the  roof  of  the  third  ventricle,  as  in  the  vermiform  process  of 
man,  is  continued.  Before  the  cerebellum  lie  the  corpora  quadri- 
gemina;  still  more  anteriorly,  and  over  the  third  ventricle,  which 
extends  further  forward  still,  lies  the  pineal  gland.  In  this  way  is 
the  meso-cerebrum  circumscribed,  from  which  inferiorly  the  infundi- 
bulum  and  optic  nerves  are  sent  off.  Still  proceeding  forwards  we 
come  to  the  two  hemispheres,  which,  attached  to  the  pro-cerebrum, 
take  on  a  higher  development;  anteriorly  from  the  pro-cerebrum  the 
olfactory  nerves  arise. 

In  the  scaly  amphibia,  the  medulla  oblongata,  cerebellum,  cor- 
pora quadrigemina,  pineal  body  and  infundibulum,  all  preserve  the 
same  relations ;  but  the  hemispheres  are  here  notably  developed, 
and  the  olfiictory  nerves  take  their  departure  from  their  fore  parts. 
The  hemispheres  in  the  form  of  rolled  laminae,  now  form  the  side 
walls  of  the  lateral  ventricles,  and  close  in  their  cavities  more  com- 
pletely than  we  have  yet  observed  them  to  do.  Upon  the  floor  of  the 
lateral  ventricle  we  perceive  certain  ganglia— corpora  striata  and 
nucleus  lentiformis,  and  the  choroid  plexus. 

§  348.  Birds  present  a  very  uniform  arrangement  of  the  cere- 
bral parts.  The  medulla  oblongata  or  post-cerebrum,  is  consider- 
able ;  a  proper  pons  is  still  wanting,  but  a  few  transverse  medullary 
streaks  stand  in  its  stead.  The  cerebellum  bears  a  great  analogy 
to  the  vermiform  process  of  quadrupeds  largely  developed,   the 

these  are  the  post-cerebrum,  the  meso-cerebnim,  and  the  pro-cerebrum,  which 
are  in  direct  connection  with  the  organs  of  hearing,  sight,  and  smell.  The  pro- 
cerebrum  I  regard  as  the  analogue  of  the  cerebrum  of  man  and  the  higher 
yertebrata ;  but  it  is  still  extremely  rudimentaiy.  This  is  not  the  place  to  enter 
into  the  controversy  which  has  arisen  among  zootomists  in  regard  to  the  meso- 
cerebrum  of  bony  fishes — vide  my  Elements  of  Comparative  Anatomy^  §  279,  and 
MUUer's  Physiology,  In  studying  the  anatomy  of  fishes,  from  the  Myzine 
glutinosa  upwards,  we  see  very  beautifully  how  the  brain  is  gradually  evolved 
throughout  the  series  upon  the  fore  end  of  the  spinal  chord. 
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hemispheres  or  lateral  parts  being  merely  indicated ;  it  is  divided 
into  laminse  by  transverse  fissures.  One  portion  of  the  medullary 
strands  of  the  post-cerebrum  expands  in  its  interior,  and  gives  off 
branches  that  are  covered  with  gray  ganglionic  masses,  and  so  form 
an  arbor  vitse.  Transverse  medullary  bands  (commissures)  come 
into  view  when  the  corpora  quadrigemina,  which  are  of  consider- 
able relative  size  and  are  developed  outwardly  and  inferiorly,  are 
pushed  aside.  More  anteriorly  we  meet  with  the  third  ventricle, 
bounded  in  front  by  the  anterior  commissure,  which  can  be  traced 
expanding  on  either  side  into  the  cerebral  hemispheres,  which  are 
masses  of  considerable  size,  and  fix>m  the  anterior  inferior  parts  of 
which  the  olfactory  nerves  with  their  usual  bulbous  enlargements  take 
their  rise.  Pineal  and  pituitary  bodies  are  distinct.  The  hemis- 
pheres are  still  smooth,  without  convolutions  and  without  posterior 
lobes,  so  that  the  cerebellum  altogether  uncovered  by  the  cerebrum 
lies  immediately  behind  this.  There  is  no  more  than  a  mere 
rudiment  of  the  corpus  caUosum,  the  great  commissure  of  the 
hemispheres,  present. 

§  349.  Among  mammalia^  the  monotremata  and  marsupiata 
have  the  least  perfect  brains.  In  the  latter,  the  hemispheres,  par- 
ticularly behind,  are  but  little  developed,  and  the  corpus  callosum 
is  still  rudimentary,  as  in  birds^-^'*  In  the  omithorynchus 
the  cerebellum  greatly  resembles  the  same  part  in  birds,  being 
developed  ahnost  exclusively  in  its  vermiform  process,  and  the 
cerebral  hemispheres  become  very  narrow  and  pointed  as  they 
advance.  The  pons  or  commissure  of  the  cerebellum,  however, 
appears  to  be  general.  In  the  lowest  orders  of  the  class, — the  roden- 
tia,  edentata,  and  marsupiata, — in  the  whole  of  which  the  cerebral 
hemispheres  are  smooth,  unmarked  by  convolutions,  and  imperfectly 
developed,  not  only  does  the  cerebellum  lie  free  and  uncovered,  but 
the  corpora  quadrigemina  and  pineal  gland  do  the  same,  so  that 
they  come  into  view  at  once'**.  The  vermiform  portion  of  the 
cerebellum  is  still  much  more  highly  developed  than  the  lateral 

''^  According  to  Owen*B  interesting  inquiries  in  PhUot.  Trans,  1837,  p.  1,  the 
corpus-callosum  appears  to  be  wanting  in  the  greater  number  of  marsupians ;  it  is 
here  no  more,  in  fact,  than  a  small  band  which  connects  the  hemispheres. 

''^^  See  the  figures  of  the  brains  of  the  ant-eater,  and  migratory  rat,  in  Icon. 
Zoaiom,^  Tab.  viii,  Fig.  z.  xi. 

3  U 
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portions.  In  some  of  the  smaller  monkeys  of  America,  the  cerebral 
hemispheres  are  still  quite  smooth,  but  their  posterior  lobes  are  so 
well  developed,  that  they  cover  the  cerebellum  for  the  major  part. 
In  the  ferae,  convolutions  are  always  present,  and  so  are  they  in  the 
ruminantia ;  in  the  rounded  brain  of  the  porpoise,  they  are  remark- 
ably well  developed  and  very  numerous;  the  posterior  lobes,  how- 
ever, are  but  imperfectly  evolved,  and  leave  the  cerebellum  partly 
uncovered^  ^\  The  corpora  quadrigemina  are  frequently  hollow 
within,  and  relatively  larger  in  the  lower  than  in  the  higher  orders; 
the  thalami  optici,  on  the  contrary,  increase  in  relative  size,  as  we 
ascend  in  the  order.  The  corpora  striata  appear  to  be  lelativdy 
larger  in  the  more  inferior  orders.  Corpu^-callosum,  fornix,  and 
septum-lucidum,  are  all  present,  although  they  are  but  imperfectly 
developed  in  the  lowest  orders.  The  eorpom  albicantia  in  genertd 
form  but  a  simple  prominence.  The  lateral^ventrides  are  of  small 
extent  about  the  middle,  and  particularly  posterioriy.  The  coniua 
Ammonis  are  generally  very  considerable ;  but,  on  the  other  hand, 
the  pedes-hippocampi  and  the  posterior  comua  of  the  ventricies 
are  absent.  In  by  far  the  greater  nimiber  of  mammiferous 
animals — rodents,  ruminants,  pachyderms,  maroupians,  edentala, 
and  camivora, — the  immense  enlargements  by  which  the  olfiustcny 
nerves  take  their  rise,  are  a  remarkable  feature.  They  are  always 
hollow,  their  cavities  being  in  immediate  and  free  commxmication 
with  those  composing  the  lateral  ventricles,  and  they  present  them* 
selves  as  lobules  of  considerable  size,  under  and  in  firont  of  the 
proper  cerebral  lobes'**. 

§  350.  The  comparison  of  the  human  brain  with  that  of  the 
ouran  and  chimpansee,  as  the  two  creatures  that  approach  man 
most  closely  in  their  general  organization,  and  those  of  the  dog  and 
elephant,  as  the  animals  that  in  intellectual  constitution  are  ac- 
knowledged to  stand  at  the  head  of  the  animal  series,  is  a  subject 
of  peculiar  interest'  *^.    It  is  well  to  preface  this  matter,  by  taking 

''^^  See  the  brain  of  the  g^ffe  and  dolphin,  in  Icon,  ZoaUjm.y  Tab.  yiii.  Fig. 
6,  7,  9. 

''^^  Farther  details  in  my  Elements  of  Comparative  Anatomy. 

''^  See  the  series  of  figures  illustrating  the  cerebral  configuration  of  the 
mammalia,  contrasted  with  the  brain  of  the  female  Bushman,  in  Icones  Zooiomieaf 
Tab.  viii. 
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a  survey  of  the  brain  of  the  monkey — Cercopithecus — that  may  be 
regarded  as  typical  of  the  order.  Here,  the  brain  evidently  resembles 
that  of  man,  in  configuration ;  the  hemispheres  are  well  developed 
posteriorly  as  well  as  anteriorly,  and  only  leave  the  cerebellum 
uncovered  in  the  middle.  The  convolutions,  however,  are  few  in 
number,  but  perfectly  symmetrical,  the  same  furrows  and  ridges 
presenting  themselves  on  either  side'*'.  The  cerebellum  is  of  very 
large  relative  size,  the  lateral  lobes  are  much  developed.  The 
medulla-oblongata  is  of  great  magnitude  relatively  to  the  brain ; 
it  presents  the  same  parts  or  eminences — pyramidal  bodies,  olivary 
bodies,  etc.,  as  in  man.  Behind  the  pons,  which  is  of  good  dimen- 
sions, we  perceive  a  transverse  fasciculus,  the  trapeadum,  which  is 
wanting  in  man.  The  corpora  albicantia  form  a  single  projection 
behind  the  infandibulum ;  the  corpora  quadrigemina,  particularly 
the  more  anterior  pak,  are  of  very  great  size ;  the  olfax;tory  nerve 
is  without  any  mammiUary  process,  and  more  like  that  of  man. 
The  posterior  comu  of  the  lateral  ventricle  and  the  pes  hippocampi 
are  wanting.  The  brain  of  the  ouran,  and  particularly  that  of 
the  chimponsee,  bear  a  closer  resemblance  to  that  of  man'**.  The 
hemispheres  are  here  more  largely  evolved,  the  convolutions  more 
numerous,  not  quite  symmetrical,  but  still  bearing  a  certain  analogy 
on  either  side ;  the  cerebellum  is  much  larger  relatively  to  the 
brain  than  in  man,  but  the  trapezium  4s  wanting  here,  as  it  is  in 
the  higher  being ;  the  corpora  albicantia  are  now  distinct ;  the 
posterior  comu  makes  its  appearance,  and  on  the  comua  Ammonis 
we  perceive  those  impressions,  which  are  designated  pes  hippo- 
campi, and  which,  with  this  solitary  exception,  only  occur  in  the 
human  subject 

In  the  dog  the  development  of  the  hemispheres  falls  off  along  with 
that  of  the  convolutions ;  the  corpora  albicantia  are,  however,  still 
double  here.  The  elephant  appears  to  have  the  most  numerous 
and  most  thoroughly  isolated  convolutions  of  any  animal'*'*. 

'^^''  The  want  of  symmetry  is  still  more  remarkable  according  to  TiedemaoD, 
in  CercopUhectLB  sabaiu,  copied  in  Icotl  Zootom,^  Tab.  vii.  Fig.  4. 

''^^  See  the  beautiful  figures  of  the  brains  of  the  ouran  and  chimpansee,  in 
Tiedemann*s  work :  Hie  Brain  of  the  Negro^  j^c,  Tab.  vi.  Sandifort  has  also 
giyen  an  admirable  drawing  of  the  brain  of  the  Ouran,  in  the  Trans,  of  the 
Society,  Der  Nederlandsche  Overaeesche  Bezittingen^  ^c,  Heft.  i. 

''^^  Figures  of  the  dog*s  brain,  in  Icon.  Zootom.,  Tab.  viii.  Gall  gives  a 
drawing  in  outline  of  the  brain  of  the  elephant,  Op.  Cit,  pi. 
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§  351.  Before  entering  upon  a  comparison  of  the  brain  of  the 
adult  human  subject,  with  the  forms  of  this  organ  encountered  in 
the  mammaliay  it  is  proper  first  to  cast  an  eye  towards  the  transitory 
forms  of  brain  presented  by  the  embryo  or  foetus,  at  different 
periods  of  its  development.  The  most  cursory  glance  at  early 
embryos  of  vertebrate  animals,  shows  the  evolution  of  the  chief 
parts  of  the  brain  to  proceed  after  one  uniform  plan.  In  the  embryo 
of  the  fowl  of  the  30th  hour  (Fig  XXXVI),  the  two  posterior 
cerebral  masses  ar§  already  sketched  out.  The  cell  of  the  medulla 
oblongata  or  post-cerebrum  (d*\  and  of  the  corpora  quadrigemina 
{d*\  thalami  and  third  ventricle  (<f '),  which  together  constitute  the 
meso-cerebrum,  can  be  made  out  About  the  48th  hour  of  the 
incubation,  the  pair  of  cells  destined  for  the  pro-cerebrum  present 
themselves  anteriorly  in  the  guise  of  a  couple  of  slight  elevations ; 
from  these  the  olfactory  nerve  extends  forwards  and  downwards; 
the  olfactory  lobes  or  mammillary  processes  of  quadrupeds,  are 
formed  by  an  arrest  of  development  of  these  anterior  cerebral  cells. 
These  pro-cerebral  parts  gradually  extend  backwards  and  upwards, 
and  finally  come  to  over-lie  the  posterior  cerebral  parts,  and  the  hemis- 
pheres are  the  product.  The  process  of  development  is  the  same  in  all 
vertebrate  animals,  and  in  man.  From  the  second  cerebral  cell  the  eyes 
are  evolved,  in  the  same  way  as  the  olfactory  ganglia  and  mammil- 
lary processes,  as  immediate  offsets  from  the  brain.  It  is  from  this 
that  the  embryo  of  the  fowl,  and,  indeed,  embryos  generally,  appear 
hammer-shaped  at  this  period.  By  and  by,  the  eye-balls  are 
pinched  off,  the  optic  nerves  still  presenting  themselves  as  mere 
tubes  of  communication  between  them  and  the  anterior  division 
or  meso-cerebrum  (thalamus  and  third  ventricle).  The  corpora 
quadrigemina  advance  in  their  evolution  rapidly,  and  form  a  very 
large  simple  vesicle.  In  the  two  higher  classes  of  vertebrata,  and 
in  man,  this  is  a  mere  transitory  form.  But  in  amphibia  and  fishes, 
the  corpora  quadrigemina,  which  are  already  double,  renudn  permar 
nentTy  of  a  large  size.  From  the  cell  of  the  post-cerebrum  (the 
fourth  ventricle)  the  auditory  vesicles  are  evolved,  and  in  early 
embryos  are  observed  as  a  couple  of  pediculated  saclets  connected 
with  the  cerebral  part  mentioned. 

At  this  period  there  is  no  trace  of  the  cerebellum  to  be  seen. 
This  part  presents  itself  by  and  by,  however,  at  first  in  the  shape 
of  a  narrow  bridge,  as  a  production  of  the  superior  lateral  band  of 
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the  medulla  oblongata,  spanning  the  floor  of  the  fourth  ventricle ; 
and  this  is  the  form  which  we  have  seen  the  organ  retaining 
through  life  in  the  naked  amphibia.  The  pineal  body  is  eyolvcd 
as  a  small  solitary  lobule,  and  the  infundibuliun  is  produced 
inferiorly  from  the  third  ventricle. 

In  a  perpendicular  section,  the  roomy  ventricles  are  seen  extend- 
ing into  all  the  cerebral  cells,  from  the  ample  canal  of  the  spinal 
chord.  We  have  noted  such  cavities  and  free  commimications  as 
permanent  forms  in  fishes. 

§  352.  The  human  brain,  which  interests  us  especially  in  this 
place,  passes  through  the  whole  of  the  stages  of  development  just 
enumerated,  and  undergoes  still  farther  and  more  numerous  meta- 
morphoses till  it  attains  its  perfect  state^'^.  In  human  embryos  of 
the  second  month,  the  grand  divisions  already  indicated  present 
themselves  with  sufficient  distinctness,  shining  through  the  external 
coverings^  *\  It  is  only  at  the  end  of  the  third  month  that  the 
hemispheres  take  on  the  disposition  to  the  extraordinary  evolution 
which  finally  characterizes  them.  At  this  period  the  mass  of  the 
corpora  quadrigemina,  still  of  great  relative  size,  remains  completely 
uncovered.  The  cerebellum  yet  appears  very  narrow ;  the  common 
cerebral  ventricle  on  the  contrary  is  very  ample.  In  the  fourth 
month,  the  hemispheres  are  growing  larger,  the  several  ventricles 
are  becoming  more  distinct,  the  cerebellum  is  somewhat  larger.  In 
the  fifth  month,  the  posterior  lobes  of  the  cerebrum  still  remain 
rudimentary,  and  cover  the  corpora  quadrigemina  and  cerebellum 
imperfectly ;  the  lamellar  structure  of  the  cerebellum  begins  to  be 
visible.  At  tins  period  the  transient  or  temporary  form  of  the  hu- 
man brain  bears  some  resemblance  to  the  permanent  cerebral  form 
in  birds,  or  of  the  lowest  quadrupeds,  such  as  the  marsupians.  In 
the  sixth  month,  the  posterior  lobes  grow  with  rapidity,  and  cover 
the  cerebellum  more  and  more ;  the  cerebral  hemispheres,  however, 
are  still  smooth  without  any  trace  of  convolutions,  and  the  superior 
aspect  of  the  brain  is  very  similar  to  that  of  some  of  the  smaller 

'^^^  On  the  deyelopment  of  the  foetal  brain,  the  work  of  Tiedemaon  on  the 
subject  still  stands  unsurpassed,  4to,  1816.  Transited  into  English  by  Bennet, 
12mo,  Lond.,  1826. 

''^^  See  the  representations  of  human  embryos,  Figs.  Ixxxv.  Ixxxvi  Izxxviii. 
and  xc. 
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monkeys.  In  the  very  ample  lateral  ventricles  we  discover  corpora 
striata,  oomua  Ammonis,  and  the  rudiments  of  the  posterior  comua. 
In  the  seventh  month,  the  hemispheres  are  well  grown,  and  the 
rudiments  of  the  future  convolutions  begin  to  make  their  appear- 
ance. The  cerebellum  is  still  but  moderately  developed.  The  fonnar 
tion  of  the  cerebral  convolutions  once  begun  goes  on  rapidly.  In  the 
eighth  month,  in  the  course  of  which  viable  infants  are  first  bom, 
the  greater  number  of  the  convolutions  are  already  marked  out, 
although  they  are  still  both  fewer,  shallower,  and  less  decided,  espe- 
cially upon  the  superior  aspect,  than  in  the  foetus  of  the  full  time. 
The  cerebellum  is  now  divided  into  its  several  parts.  The  olfactory 
nerve,  in  its  short  and  lobular  form,  reminds  us  of  the  permanent 
form  of  the  part  in  mammals  generally.  In  the  foetus  at  the  full 
time, — at  the  end  of  the  tenth  month,  the  convolutions  of  the  hemi- 
spheres appear  as  numerous  and  diversified  as  in  the  adult ;  the  cere- 
bellum alone,  in  point  of  relative  size,  is  ip  arrear  of  the  other 
parts^'*.  With  the  second  dentition,  in  the  course  of  the  seventh 
and  eighth  years  the  brain  seems  to  attain  its  complete  development 
in  point  both  of  form  and  weight,  and  its  several  parts  now  represent 
the  relations  which  they  preserve  through  the  whole  of  after  life^  * '. 

''^^  From  some  late  researches  on  the  brains  of  infants  horn  at  the  full  time, 
and  that  had  lived  for  various  short  periods,  I  find  the  convolutions  as  numerous 
and  asymmetrical  as  in  the  adult,  nay,  in  some  instances,  the  adult  brain  appeared 
to  be  less  remarkable  than  the  infantile  brain  in  these  particulars.  The  difier« 
ence  between  one  individual  and  another,  in  regard  to  the  cerebral  conyolutioDs, 
would,  therefore,  seem  to  be  already  determined  towards  the  end  of  the  intra- 
uterine life.  See  Tiedemann,  On  the  Brain  of  the  Negro,  p.  10.  From  the 
enquiries  just  alluded  to,  the  brain  of  a  new-bom  infant  of  the  male  sex  appears 
to  weigh  between  13  and  14  ounces,  that  of  the  female  infant  from  9  to  12 
ounces.  Tiedemann  also  states,  that  the  brain  reaches  its  greatest  size  between 
the  7th  and  8th  year.  The  bnun  of  a  gu-1  of  8  years  8  months  old,  he  found  to 
weigh  3  pounds  5  ounces  and  5  drachms,  which  is  about  the  mean  weight  of  the 
adult  female  brain.  (Vide  §  395.)  It  is  still  a  matter  of  doubt  whether  the 
brain  diminishes  in  bulk  in  extreme  old  age.  Tiedemann^s  inquiries  would  lead 
to  the  conclusion  that  it  did. 

'^^  [This  is  surely  a  physiological  error :  on  taking  measurements  of  the  head 
in  15  children  between  7  and  8  years  of  age,  I  find  the  mean  chrcumfeience  to 
be  20i  inches.  But  the  mean  circumference  of  the  head  in  10  children  between 
13  and  14  years  of  age  in  the  same  school,  taken  as  they  stood  and  without 
selection,  is  21|  inches.  If  the  size  of  the  skull  represent  the  size  of  the  brain, 
therefore,  the  brain  is  not  so  large  at  8  years  of  age  as  it  is  at  14;  neither  is 


INTIMATE  STRUCTURE   OP   THE   BRAIN    AND   SPINAL   NERVE.   617 

Whether  or  not  any  changes  still  take  place  in  the  more  delicate 
structuiiEd  relations  is  unknown'"^. 

.  §  353.  Kwe  turn  to  the  study  of  the  brain  and  spinal  chord  with 
a  particular  looking  to  the  nerves  and  their  primitive  fibres  which 
enter  and  quit  it,  we  very  naturally  come  to  the  conclusion  that 
the  cerebral  parts  comprise  within  themselves  the  sum  of  the  pri- 
mitive fibres  which  are  expanded  throughout  the  body.  ^  And  more 
particular  inquiry  shows  us,  in  fact,  that  these  fibres  become  more 
delicate  in  their  structure,  take  their  course  through  the  interior 
of  the  brain  and  spinal  chord,  although  in  an  imperfectly  known 
maimer, — ^here  in  bundles  or  medullary  bands,  there  interwoven  with 
masses  of  gray  substance  or  ganglionic  corpuscles.  The  mode  in 
which  these  primitive  fibres  terminate  in  the  central  masses  is  still 
entirely  unknown.  The  more  essential  points  in  this  subject  that 
have  been  made  out,  are  these :  the  motory  fibres  of  the  spinal 
nerves  enter  by  the  posterior  roots  into  the  spinal  chord,  and  whilst 
some  of  them  take  their  course  along  the  posterior  bands  or  bundles 
of  this  part,  others  appear  to  penetrate  its  gray  central  mass,  par- 
ticularly upon  the  edges.  They  then  proceed  through  the 
medulla  oblongata,  partly  to  the  floor  of  the  fourth  ventricle,  and 
partly  as  crura  of  the  cerebellum,  into  the  stem  of  the  arbor  vitae. 
The  rounded  delicate  strands  proceed  upon  the  floor  of  the  fourth 

it  80  large  at  14  or  15  as  it  is  at  20  and  25.  On  making  the  inquiry  at  several 
of  the  large  hat  shops  of  the  metropolis,  whether  or  not  there  was  any  difference 
in  the  sizes  of  hats  required  for  boys  of  between  seven  and  eight  years  of  age 
and  full  grown  men,  I  was  assured  that  there  was  a  very  considerable  difference ; 
that  the  sizes  for  youths  of  7,  8,  and  9,  were  what  are  designated  the  6i,  6^, 
and  6f  sizes,  whilst  for  grown  men  the  mean  average  size  is  about  7,  or  from 
that  to  7^.  The  numbers  here  represent  the  mean  between  the  long  and  the 
lateral  diameters  of  the  head.  A  London  hatter  says:  **The  head  I  have 
always  found  to  attain  its  full  dimensions  in  accordance  with  the  bodily  frame. 
I  fix  the  utmost  limit  my  experience  will  allow  at  25  years.  The  more  general 
period  of  full  attainment  of  size  is  between  17  and  23.  Many  heads  are  at  their 
full  size  at  the  age  of  16."  Phrenolqg^.  Journal^  voL  iv.,  p.  550,  Edinb.  1827. 
R.  W.] 

"'^^  If  we  regard  the  gradual  and  much  later  attained  development  of  the 
higher  mental  powers,  we  must  admit  the  great  probability  of  a  gradual  advance 
in  the  histological  state  of  the  hemispheres,  up  to  the  period  of  manhood,  and 
farther,  a  degeneration  in  their  constituent  elements,  with  the  advance  of  ^e. 
[The  brains  of  children  are  never  good  subjects  for  anatomical  demonstration — 
they  are  soft  and  pulpy,  and  do  not  bear  handling  like  the  brain  of  the  adult. 
R.W.] 
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ventricle  through  the  corpora  quadrigemina,  and  the  aqueductas 
Sylvii,  and  may  be  traced  into  the  third  ventricle.  Of  the  anterior 
bundles  of  the  medulla  oblongata,  the  pyramidal  bodies  decussate 
in  the  maimer  generally  known  in  the  middle  line,  about  an  inch 
below  the  pons.  The  pyramidal  bundles  then  pass  through  the 
pons  into  the  crura  cerebri,  where  they  diverge  and  are  readily 
followed  into  the  thalami  opticL  The  fasciculi  composing  the 
olivary  and  restiform  bodies  appear  to  take  a  similar  course,  their 
fibres  running  through  the  dark  bluish  grey  coloured  substance  of 
the  crura  cerebri'**.  The  precise  manner  in  which  these  bundles 
and  the  primitive  fibres  which  constitute  them  proceed  subsequently 
is  very  imperfectly  known,  and  their  mode  of  terminating  escapes 
us  entirely.     All  that  we  have  on  the  subject  is  mere  hypothesis 

''^  The  issues  of  numerous  and  closely  pursued  investigations  into  the  subject 
of  the  cerebral  fibrillation,  have  to  me  been  so  unsatisfactory  and  so  incomplete, 
that  the  few  words  given  in  the  text  are  all  I  can  venture  on.     Our  anatomical 
knowledge  of  the  connexion  or  continuity  of  the  cerebral  fibrillation,  and  the 
relations  of  the  fibres  of  any  part  to  the  nerves  that  are  connected  with  it,  is 
still  in  its  first  infancy ;  but  without  advances  in  this  knowledge,  the  functkui 
will  remain  as  dark  as  it  is  everywhere  else  where  anatomical  data  are  wanting. 
[It  strikes  me,  with  great  deference  to  my  esteemed  author,  that  the  anatomy 
alone  never  tells  us  anything  of  the  function.     Who  firom  seeing  a  particle  of 
muscle  under  the  microscope,  and  knowing  its  intimate  structure  most  perfectly, 
could  infer  from  this  knowledge,  that  it  would  possess  contractile  power? 
Nay,  is  it  not  certain  that  we  have   long  known  the  function  of  muscular 
fibre,    but  that  we  still  dispute  as  to  its  precise  structure?      Who  from 
examining  particles  of  the  retina  and  auditory  nerves,   could    foresee  that 
this  would  respond  to  impressions  of  light,  that  to  the  pulses  of  sound  ? 
The  function  of  the  liver  has  for  ages  been  known  to  be  the  secretion  of  bile,  but 
it  is  only  yesterday  that  we  are  informed  of  its  constitution  by  cells,  and  of  the  fact, 
that  the  nutriUon  and  growth  of  these  cells  and  the  secretion  of  bile,  are  linked 
in  the  chain  of  necessary  sequence,  or  are  identical,  and  so  on.    All  past  experi- 
ence seems  rather  to  assure  us  that  we  shall  never  discover  the  function  of  a 
single  part  of  the  brain  by  taking  the  scalpel  and  microscope  to  it.    H.  W.] 
The  works  of  Reil,  L  c.  1807-8,  et.  seq.    Grail  and  Spurzheim,  Op,  CU.  1809,  et. 
seq.  PkysiogrumUcal  SyHem^  1815,  and  Anatomy  of  Brainy  1826 ;  Burdach,  Op. 
Cii^  1819-26;  Sony,TheHummBramjl8S6;LeGTosClaxk,AnaLoftheBrmn, 
1836 ;  Arnold,  On  theStmcture  of  ike  Brain  and  Spinal  Chords  1838,  and  Valentin 
in  Soemmerring*s  Anat,  of  the  Brain  and  Nervous  System,  contain  all  the  infor- 
mation extant  on  the  anatomy  of  the  brain.    There  is  also  an  excellent  short 
view  of  the  entire  subject  by  Heusinger  in  an  addition  to  the  German  transla- 
tion of  Magendie*8  PhyswU^, 
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and  contradiction,  amidst  which  physiology  finds  no  good  founda- 
tion to  build  upon.  It  will  be  enough  if  we  state  generally  here 
that  recent  inquiries  seem  to  show  :  Ist,  That  the  fibres  of  the 
hemispheres  and  their  great  commissure  (corpus  callosum)  appear 
to  have  little  anatomical  connexion  with  the  motory  fibres  of  the 
spinal  cord ;  2nd,  These  motory  fibres  appear  to  end  partly  in  the 
cerebellum  and  partly  in  the  corpora  quadrigeminaand  thalamL  The 
anterior  bands  are,  however,  still  to  be  followed  through  the  cor- 
pora albicantia  into  the  corpus  callosum ;  Srd,  The  primitive  fibrils 
appear  in  the  central  masses,  as  well  as  in  the  periphery,  to  run  side 
by  side,  but  always  isolated,  never  dividing  and  never  anastomo- 
sing ;  4th,  The  primitive  fibrils  appear  to  form  the  same  kind  of 
terminal  loopings  on  the  periphery  of  the  several  cerebral  parts,  as 
those  of  the  nerves  on  the  periphery  of  the  parts  of  the  body  at  large. 
This  last  point,  however,  must  be  allowed,  by  reason  of  the  singular 
difficulty  of  the  inquiry,  to  be  anything  but  certain  or  demon- 
strated'•*. 

§  354.  The  great  diversities  in  point  of  size,  and  in  the  number 
and  general  appearance,  of  the  convolutions  of  the  brain  in  different 
individuals  are  very  remarkable''''^.     In  men  the  brain  is  always  on 

'^^  Valentin  and  Cams  (Physiol,  v.  iii.  p.  45)  agree  in  stating,  that  the  primi- 
tive fibres  terminate  in  loopings  on  the  periphery.  Valentin  has  even  given  a 
representation  of  the  structure  which  he  saw,  and  which  is  copied  in  our  Fig. 
CCXXVI,  but  Burdach,  Remak,  and  Henle,  have  never  succeeded  in  observing 
these  terminal  loops ;  and  I  have  also  myself  generally  sought  for  them  in  vain ; 
it  is  only  in  the  tbalami  of  the  pigeon  that  I  have  ever  been  able  to  perceive 
anything  like  the  appearance  which  Valentin  has  represented. 

''^  The  convolutions  of  different  brains  appear  to  present  interesting,  and,  as  yet, 
little  known,  relations  in  point  of  general  conformation  [and  position],  vide  Valen- 
tin's Soemmerring,  p.  170.  [Valentin  dedicates  four  pages  of  very  small  type  to  this 
interesting  subject ;  he  refers  particularly  to  the  drawings  of  the  brain,  which 
we  have  irom  Soemmerring,  Gall  and  Spurzheim,  Rolando,  (Mem,  de  R.  Ac.  di 
Torino^  vol.  xzzv,)  and  Arnold,  and  seeks  to  fix  certain  convolutions,  or  groups 
of  convolutions,  which  are  generally — I  believe  always — to  be  made  out  with  a 
little  practice,  by  appropriate  names.  I  find,  looking  hastily  down  his  pages,  no 
fewer  than  25  gyri,— convolutions  or  clusters  of  convolutions,  thus  particularized 
and  appropriately  named.  In  his  concluding  remarks,  he  says,  "  There  can  be  no 
doubt  that  the  study  of  the  relations  of  the  cerebral  convolutions,  in  reference  to 
configuration  [and  size]  is  of  importance,  both  anatomically  and  physiologically. 
Although  it  is  true,  that  the  answer  to  the  query,  Whether  or  not  they  are  the 

3  X 
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an  average  larger  than  in  women ;  in  the  middle  period  of  life  it  is 
about  one-fortieth  of  the  weight  of  the  body ;  frequently,  however, 
it  bears  a  much  smaller  relative  proportion  to  the  whole  frame^*^. 
In  cases  of  congenital  idiotcy,  the  brain  is  generally  obviously  de- 
fective in  size ;  frequently  it  has  not  half  its  proper  dimensions^  *  * ; 
the  hemispheres,  particularly  in  their  anterior  and  posterior  lobes, 
are  developed  in  a  very  imperfect  manner.  Those  individuals,  on 
the  contrary,  who  have  been  remarkable  for  their  intelligence  and 
force  of  character,  have  always  been  found  to  have  laige  brains^**. 

material  expression  of  certain  mental  dispoutiona  P  atiU  lies  at  so  great  a  dis- 
tance, that  very  certainly  the  present  generation  will  not  succeed  in  giving  it  any 
decisive  solution,  nay,  will  scarcely  find  itself  in  a  condition  to  venture  a  well 
grounded  opinion  on  the  matter ;  still  so  much  is  quite  certain,  that  they  give 
outward  indication  of  a  great  number  of  special  variations  in  the  configuration 
of  the  cerebrum.  It  were,  therefore^  a  very  meritorious  undertaking,  to  give  a 
series  of  carefully  made  outline  drawings  of  different  brains,  and  to  describe 
them  comparatively.**    It  is  rather  curious  to  remark  that  this  was  the  veiy  task 

which  Gall  set  himself  when  he  began  collecting  casts  and  skulls  half  a  centmy 
ago.     R.  W.] 

'^^  The  mean  weight  of  the  brain,  according  to  Krause,  is  48  ounces  lor  the 
male,  44  oz.  for  the  female.  Tiedemann*8  work  On  the  Brain  of  the  Negro^  already 
so  often  quoted,  and  so  rich  in  matter,  contains  much  information  on  the  weight 
of  the  brain,  according  to  age,  sex,  and  individual.  In  39  cases  the  weight  of 
the  brain  of  men  between  22  and  80  years  of  age,  varied  ftom  21b8.  80s.  5dr. 
50  grs.  to  3lbs.  lOoz.  2dr.  In  the  majority  of  instances,  the  weight  was  fixim 
Slbs.  5oz.  to  Slbs.  8oz. 

''^  In  an  idiot  50  years  of  age,  the  brain  weighed  only  lib.  Soz.  4dr. ;  in 
another  aged  40,  it  was  lib.  lloz.  4dr.  in  weight,  and  in  a  third,  aged  16,  it  was 
no  more  than  lib.  6oz.  idr.,  Tiedemann,  1.  c. 

''^9  The  brain  of  Cuvier,  for  example,  weighed  41bs.  lloz.  4dr.  36gni. ;  that  of 
Dupuytren  41  bs.  lOoz.,  Tiedm.  1.  c.  p.  9.  In  none  of  the  cases  above  quoted 
have  we  the  proportion  to  the  weight  of  the  body,  which  is  of  consequence. 
Tiedemann  found  it  to  vary  from  1  in  37  to  1  in  46 ;  in  the  mean,  1  in  41  or  42. 
The  female  brain,  although  absolutely  smaller  than  the  male  brain,  nevertheless 
bears  the  same  relative  proportion  to  the  body.  The  brain  of  the  Negro  and 
other  inferior  races  does  not  appear  to  be  any  smaller.  The  brain  of  idiots 
apj)ears  to  be  altered  in  its  other  relations  likewise.  Unfortunately,  however, 
we  have  but  few  inquiries  upon  this  topic,  which  is  of  the  very  highest  interest 
Jaeger  of  Stuttgardt  made  a  very  important  contribution  to  the  histoiy  of 
indiyiduals  with  defective  brains,  very  lately,  (vide  Medichuches  Corretpondenz' 
Matt  des  Wurtemherguehen  drzOichen  Vereinsy  B.  ix,  No.  28).  In  a  boy  of  10, 
whose  head  was  not  larger  than  that  of  a  new-bom  infant,  the  brain  was  of 
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These  differences  are  of  course  proclaimed  in  the  size  and  shape  of 
the  skull ;  whence,  in  idiots,  we  have  the  low  and  narrow  forehead, 
and  the  disproportion  between  the  cranium  and  face,  proclaiming 
the  deficiency  of  brain"  ^;  whilst,  in  the  man  of  capacity,  we  have 
the  roomy  skull,  of  a  rounded  or  oval  shape,  as  an  indication  of  the 
size  of  the  mass  which  it  incloses  and  defends^ '  ^  In  the  same  way 
the  more  nobly  constituted  and  civilized  races  of  men  are  distin- 
guished firom  the  lower  and  more  savage  tribes  by  the  greater  size  of 
the  cranium,  both  absolutely  and  relatively,  to  the  size  of  the  face**  ^  *. 
It  has  also  been  observed  that  in  men  of  the  highest  mental  endow- 
ments, both  the  number  of  the  convolutions  and  the  want  of  symmetry 

remarkable  firmness ;  no  alteration  in  the  convolations  was  remarked,  but  no 
other  brain  was  used  for  comparison.  The  Literal  yentricles  were  small ;  the 
left  corpus  striatum  vas  two-thirds  smaller  than  the  right  one,  and  flatter.  The 
tbalami  which  were  of  an  elongated  figure,  were  most  intimately  conjoined 
through  their  whole  length,  so  that  there  was  no  third  yentricle ;  the  posterior 
commissure  was  also  wanting.  The  pineal  gland  lay  yery  far  backwards,  and 
the  concretions  conmaonly  formed  in  its  interior  were  wanting.  The  corpora 
quadrigemina  were  much  smaller  than  natural,  and  completely  fused  together. 
There  was  no  fourth  yentricle.  In  the  cerebellum,  yarious  abnormal  conditions 
were  also  observed. 

^®  See  drawings  of  such  skulls  of  idiots,  which  are  Teiy  remarkable,  and 
afford  cranioscopy  some  of  its  very  strongest  points,  in  Blumenbach,  De  cmoma- 
Us  et  mttotu  qmbrndam  nistu  formativi  aberrationSnUy  Gotting,  1818.  Sandifort, 
Muuum  Anaiomicumy  vol.  iv.  where  the  brain  is  also  represented,  and  Owen,  in 
T^ram.  Zoological  Society  ^  voL  L 

""^  Gall — Phyriohgie  du  Cerveau^  tom  ii.,  p.  20,  gives  many  instances  of  large 
nzeof  the  skull  in  men  of  talents.  See  also  the  figure  of  the  skull  of  Fried, 
yon  SchiUer  in  Carus*8  Oudincs  of  a  new  Cranioscopy  on  a  Scientific  ftoMs— 
GnrndzUge  einer  neuen  und  wisseiuch&ftlich  hegriaideten  Kramoekc^y  Stuttg. 
1841.  Noel — OuQinee  of  Phrenology — OnrndzUge  der  Phrenologies  Dresd. 
1841,  gives  a  drawing  of  the  head  of  Michael  Angelo,  contrasted  with  that  of 
an  idiot,  in  his  first  plate.  [At  a  great  metropolitan  hatshop,  I  am  informed 
that  the  fine  hats  worn  by  the  wealthy  and  educated  classes,  are  manufactured  on 
an  average  of  one  and  two  sizes  larger  than  the  coarse  and  commoner  hats  worn 
by  the  labouring  classes.  A  groonty  a  stable  boy^  and  a  coachman,  have  all  but 
invariably  small  skulls ;  nine  in  ten  of  these  men  will  be  fitted  by^hats  of  the  6| 
and  6 1  sizes.  A  footman,  on  the  contrary,  generally  requires  a  hat  of  the  7  or 
full  size.    R.  W.] 

""^  Vide  Blumenbach*s  Decades  Craniorum,  and  the  series  of  skuUs,  in  Tab. 
iL  and  iii.  of  my  Icones  Zootomies.  Many  of  the  heads  of  idiots,  in  point  of 
cerebral  development,  do  not  surpass  those  of  some  of  the  higher  monkeys — the 
chimpansee,  for  example. 
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between  those  of  the  two  sides  were  more  than  usually  remarkable^  ^ ' . 
In  individuals  nowise  distinguished  by  their  mental  powers,  on  the 
contrary^  and  in  the  inferior  races  generaUy,  the  convolutions  have 
been  found  decidedly  fewer  in  number  and  more  symmetrical^  par- 
ticularly in  the  front  halves  of  the  hemispheres^'*.  It  has  also  been 
held  that  congenital  inequalities  between  the  hemispheres  were  un- 
favourable to  the  perfect  manifestation  of  the  higher  faculties  of  the 
mind^'*. 

Functions  of  the  Brain  and  Spinal  Chord. 

§  355.  We  are  accustomed  to  speak  of  the  brain  and  spinal  chord 
as  the  centres  of  the  nervous  system,  because  the  whole  of  the  ner- 
vous functions  have  here  their  point  of  reunion,  their  source,  or  their 
seat"**.  Here  all  the  centripetal  nervous  chords  unite;  in  the  brain 
are  the  sensations  of  all  the  peripheral  parts  perceived  with  their 
appropriate  qualities ;  and,  on  the  other  hand,  from  the  brain  and 
spinal  chord  does  the  stimulus  that  excites  muscular  motion  of  every 
description-  take  its  departure.  The  latter  fact  we  ascertain 
more  immediately  and  strikingly  from  the  voluntary  motions,  less 
so  from  those  that  are  merely  automatic  The  nerves  seem  to  serve 
as  mere  conductors  of  the  nervous  influence,  which  appears  to  be 
incessantly  engendered  in  the  brain ;  it  is  on  this  account  that  the 
activity  of  the  nerves,  their  faculty  of  reacting  on  the  application  of 

''^  In  the  brain,  for  instance,  of  Cuvier,  Dupuytren,  Dellinger. 

*"*  Among  Negroes  and  the  Bushmen,  see  Tiedemann,  and  my  Icon.  ZoakmL 
Tab.  viii. 

*"'  See  Demme^s  inaugural  dissertation,  On  inequalities  in  the  two  henUspkeres 
of  the  Brain^  Wilrzh.  1831.  This  malformation  appears  to  be  more  frequent 
among  men  than  women.  [In  a  greater  or  less  degree,  it  is  abnost  universal — 
scarcely  any  individual  has  the  two  sides  of  the  head  precisely  alike,  and  the 
same  may  be  said  of  the  lower  animals.  Bichat  laid  much  stress  on  the  un- 
fiivourable  influence  of  inequality  in  the  two  halves  of  the  brain ;  his  own  akuU 
was,  however,  much  larger  on  one  side  than  the  other.    R.  W.] 

'"^  In  this  and  the  paragraphs  that  immediately  follow,  I  have  confined  my- 
self to  the  merest  outlines  of  the  subject;  this  at  the  present  moment  may  be 
held  to  be  the  part  of  physiology  which  is  the  most  in  want  of  illustration,  and 
that  is  more  intimately  mixed  up  with  hypothesis  than  any  other.  Without  a 
lengthened  critical  examination  of  all  the  more  recent  views  and  assumptions 
of  the  many  and  constantly  contradictory  writers  which  we  have,  it  would-be 
imposrible  to  give  a  general  and  comprehensive  summary  of  the  physics  of  the 
nervous  system. 
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stimuli^  ifi  speedily  lost  when  their  connection  with  the  central  parte 
is  destroyed,  §  241.  The  motory  power  of  the  nervous  influence 
either  flows  incessantly  from  the  central  parts  to  the  muscles,  as  in 
the  case  of  the  sphincters,  which  lose  their  tone  and  relax  when  their 
nervous  connection  with  the  central  parts  is  interrupted;  or  it  flows 
in  rhythmical  waves,  at  regular  intervals,  as  in  the  case  of  the  respi- 
ratory muscles ;  or  otherwise  it  only  passes  out  at  the  immediate 
behest  of  the  soul,  as  in  reference  to  the  whole  of  the  voluntary 
muscles  ^  ^  ^ ;  or,  finally,  in  consequence  of  an  internal  excitement  or 
shock  given  to  thebrainby  peripheral  impressions  received  through  the 
medium  of  ihe  centripetal  nerves,  a  centrifugal  reflux  of  the  nervous 
influence  is  induced,  and  certain  motions  take  place  independently 
of  volition.  These  motions  belong  to  the  much  diversified  class  of 
reflex  or  reflected  motions,  which  present  many  peculiar  and  very 
interesting  phenomena  to  our  observation"*. 

It  seems  probable,  although  at  the  present  moment  it  is  not  de- 
monstrable, that  all  the  operations  of  the  brain  upon  the  nerves  and 
effected  through  their  medium,  depend  on  an  influence  of  the  gray 
substance  upon  the  primary  fibrils  ;  were  this  proven,  the  ganglionic 

'7''^  For  the  reasons  just  assigned,  1  have  avoided  in  the  following  paragraphs 
all  discussion  of  the  higher  psychological  functions.  All  that  can  he  said  on  this 
suhject  is  met  with  in  our  ordinary  elementary  works,  in  the  shape  of  reasonings, 
or  examples,  without  reference  to  any  definite  general  principle.  The  most  able 
consideration  of  this  topic,  as  well  as  of  the  doctrine  of  the  nervous  functions  at 
large,  that  I  have  seen,  is  contained  in  Henle*s  General  Anaiomyy  p.  680  et  seq. 
I  shall  have  occasion  to  revert  to  it  in  the  general  physiology. 

"^'^  The  phenomena,  which,  under  the  title  of  reflex  functions,  have  lately  at- 
tracted so  much  attention,  and  have  been  held  of  such  importance,  were  familiar 
to  the  older  physiologists  and  physicians.  For  the  systematic  development  of 
the  doctrine  of  these  phenomena,  however,  and  a  knowledge  of  the  laws  which 
govern  them,  we  are  indebted  to  our  own  times.  Dr.  Marshall  Hall,  in  England, 
and  Prof.  Jo.  Mueller,  in  Germany,  independently  of  euch  other,  erected  the 
theory  of  reflexion  (see  §  242,  and  Annots.)  Many  physiological  and  patho- 
logical motory  acts  belong  to  the  category  of  reflected  motions,  which  may  be 
exhibited  in  a  multitude  of  experiments,  and  these  by  an  analysis  of  the  pheno- 
mena which  occur,  may  readily  be  varied  and  still  farther  multiplied.  Among  the 
Dumber  we  reckon  the  motions  of  the  iris  from  stimulation  of  the  retina,  already 
spoken  of,  sneezing,  swallowing,  coughing,  vomiting,  many  kinds  of  clonic 
spasm,  in  which  the  brain  and  spinal  marrow  are  not  primarily  affected,  as  for 
instance  in  teething,  from  worms  in  the  intestines,  &c.,  also  the  tonic  spasms 
that  follow  injuries  of  the  extremities,  starting  on  the  occurrence  of  audden 
noises,  &c.,  &c. 


624f  FUNCTIONS   OF   THE   BRAIN    AND   SPINAL  CHORD. 

corpuscles  would  have  to  be  yiewed  as  the  proper  productiye  organs 
of  the  nervous  influence. 

§  356.  If  we  mquire  in  the  first  place  into  the  simplest  conditions 
in  the  organization  of  the  central  parts  with  which  the  vital  pro- 
cesses are  compatible,  we  discover  that  the  spinal  chord  is  of  itself 
sufficient,  even  in  man  and  the  higher  vertebrate  animals,  to  support 
life,  at  least  during  the  foetal  period  of  existence.  In  cases  of  imper- 
fect development  of  the  superior  or  anterior  half  of  the  body,  or  of 
the  head — acrania,  anencephalia — the  brain  is  entirely  wanting; 
the  spinal  cord  (and  medulla  oblongata  ?)  and  the  nerves  which 
proceed  from  it,  are  alone  more  or  less  perfectly  formed.  The  other 
parts  of  the  body,  the  extremities,  the  trunk,  and  its  included  vis- 
cera, may  be  present  and  well  developed,  though  it  often  happens 
that  they  too  are  either  partially  wanting  or  imperfectly  formed 
From  this  condition  we  observe  every  degree  of  progressive  com- 
pleteness as  we  proceed  through  the  various  grades  of  defective 
brain — microcephalia,  up  to  the  perfect  evolution  of  the  hemispheres^ 
so  that  we  become  certain  that  the  embryo  may  attain  its  complete 
development  without  the  presence  of  any  brain,  and  that  the  child  may 
even  live  for  some  short  time  after  its  birth  in  this  state.  In  all  sudi 
cases,  however,  the  medulla  oblongata,  with  the  nerves  that  proceed 
from  it,  appears  always  to  have  been  present^  ^ '.  Foetuses  at  the  full 
time,  whose  crania  have  been  perforated  and  the  brain  in  great  part 
removed  to  admit  of  their  passage  through  the  contracted  pelves  of 
their  mothers,  have  nevertheless  in  some  cases  breathed,  cried,  and 
moved  their  extremities  after  their  birth^*^  These  patholo^cal 
facts  have  their  parallel  in  comparative  anatomy.     The  amphioxus 

''^  Meckel  treats  the  subject  of  monstrosity  with  greater  completeness  than 
any  other  writer,  in  his  Pathological  Ariatomy^  voL  1,  p.  140.  It  must^  be  al- 
lowed that  in  the  greater  number  of  the  accounts  which  we  have  of  cases  of 
acephalia,  such  an  anatomical  description  as  would  meet  the  present  require- 
ments of  physiology,  is  wanting.  Spezza  lately  gave  a  description  of  an  anence- 
phalic  foetus  which  lived  11  hours  after  its  birth.  The  brain,  cerebellum,  and 
medulla  oblongata  were  all  absent ;  the  spinal  marrow  began  superiorly  in  the 
skin  of  the  neck,  with  a  papilla  the  size  of  the  point  of  the  little  finger,  which 
Jo.  MQller  regards,  with  justice,  as  the  medulla  oblongata,  inasmuch  as  an 
acceleration  of  the  respiratory  motions,  and  some  crying  and  sobbing,  followed 
stimulation  of  this  part  during  life.  We  cannot  suppose,  indeed,  that  without 
a  medulla  oblongata  there  could  be  anything  like  respiratory  or  vocal  move- 
ments. (Spezza,  Gazette  Afedicale^  Janvier,  1883). 

'«>  Vide  Mueller's  Archiv.  1884,  p.  168,  and  the  Jottnud  o/tkeBerim  Mcdkal 
Uman,  No.  22. 
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lanceolatus,  a  genuine  vertebrate  animal,  a  fish,  besides  being  com- 
pletely aoephalic,  or  having  no  proper  skull,  has  only  a  spinal  marrow^ 
no  part  presenting  itself  as  distinct  from  this  which  might  be  called 
a  braiiL  The  nerves  are  all  aUke,  and  fashioned  after  the  type  of 
the  spinal  nerves  generally ;  the  most  anterior  only,  which  is  of 
somewhat  larger  size  than  the  rest,  may  be  assumed  from  its  divi- 
sions as  corresponding  to  the  nervus  trigeminus.  The  spinal 
marrow,  in  this  most  remarkable  and  lowest  of  all  vertebrate  animals, 
ends  anteriorly  and  posteriorly  in  a  sharp  point ;  in  its  interior, 
however,  it  contains  gray  matter  in  the  centre,)  medullary  substance 
in  the  periphery  ?)  The  skeleton  in  this  creature  consists  essentially 
of  that  part  which  first  makes  its  appearance  in  the  embryos  of  all 
vertebrate  animals,  the  chorda  dorsalis,  which  is  here  persistent,  as 
indeed  it  is  in  other  fishes  of  the  lowest  grade,  but  which  disappears 
in  all  the  higher  animals  of  the  order  after  the  formation  of  the  ver- 
tebral column.  Besides  tlds  simple  skeleton,  there  is  also  a  muscular 
system,  an  intestinal  canal,  without  any  accompanying  glands,  a 
respiratory  organ,  urinary  organs,  several  distinct  hearts  (an 
aortic  heart,  a  heairt  of  the  portal  system,  and  a  heart  of  the  vena 
cava),  and  male  and  female  organs  of  generation  divided  between 
different  individuals^  *  \  From  this  we  have  the  assurance  that  a 
certain  sum  of  organization,  such  in  short  as  appertains  essentially 
to  the  class  of  vertebrate  animals,  may  exist  without  a  brain,  or  at 
least  with  no  more  of  the  central  nervous  mass  than  is  represented 
by  the  medulla  oblongata,  and  that  such  an  animal  is  capable  of 
independent  existence,  although  of  course  in  the  most  limited  rela- 

''^^  We  have  two  monographs  of  recent  date  upon  this  remarkable  fish,  which 
was  known  to  Pallas,  bat  has  bat  just  been  duly  described.  One  is  by  Rathke, 
On  the  Structure  ofAmphioxus  lancealabtSy  Ueber  den  Ban  dee  Amphioxus  lanceo' 
latusy  Konigsb.  1841 ;  the  other  is  by  Jo.  Milller,  who  had  the  animal  aliye,  and 
communicated  his  obsenrations  in  the  monthly  notice  of  the  proceedings  of  the 
Berlin  Academy,  Dec.  1S41.  Another  remarkable  peculiarity  of  this  creature  is, 
that  its  blood  is  colourless.  The  amphioxus  belongs  to  the  order  of  cyclosto- 
mous  fishes,  and  appears  to  occur  in  all  the  European  seas.  We  must  conclude  that 
the  anterior  extremity  of  the  spinal  marrow  is  a  true,  although  it  may  be  an  im- 
perfectly developed,  medulla  oblongata.  [Mr.  Goodsir,  of  Edinburgh,  has  added 
another  excellent  monograph  upon  this  curious  animal,  which  will  be  consulted 
with  interest,  ride  Trans,  of  the  Royal  Society  of  Edmb,  vol.  xv.  part  1,  1841. 
Mr.  Goodsir  is  of  opinion  that  the  creature  has  literally  no  part  analogous  to 
brain.    The  spinal  cord  is  totally  destitute  of  primitive  fibres ;  it  consists  alto- 
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tionship  with  external  objects'  *  *.     The  structure  of  this  animal  is 
a  very  remarkable  and  important  fact  for  physiology  at  large. 

§  357.  In  every  other  vertebrate  animal^  as  in  man,  we  find  a 
brain  developed  on  the  anterior  extremity  of  the  spinal  cord.  The 
spinal  cord  is  in  relation  with  the  whole  of  the  nerves  of  the  trunk, 
and  like  the  brain  consists  of  ganglionic  matter  and  primitive  fibres. 
Its  functions  in  general,  not  in  especial,  are  the  best  known  of  those  of 
any  of  the  central  masses,  although  we  are  still  receiving  almost  daily 
contributions  to  its  anatomy  and  physiology.  The  spinal  cord  pro- 
claims itself  to  be  as  well  acentral  as  a  conducting  organ.  In  this  latter 
respect  it  is  thereforeon  the  same  level  with  thenerves,  for  it  certainly 
conducts  impressions  received  in  the  periphery  to  the  brain,  and 
transmits  the  desires  of  the  brain  to  the  periphery.  The  former  are 
passed  through  the  sensitive  fibres  or  posterior  nervous  roots,  the 
latter  through  the  motory  fibres,  and  exclusively  by  the  anterior 
nervous  roots  (§  237  and  262).  The  spinal  chord  has,  however,  and 
as  it  would  appear  exclusively  in  virtue  of  the  gray  matter  in  its 
composition,  or  the  ganglionic  cells  collected  in  its  interior,  certain 
properties  which  characterize  it  as  a  central  organ,  and  raise  it  in 
some  sort  to  the  rank  of  the  brain.  It  has  a  proper  inherent  motory 
power,  which  it  communicates  to  its  nerves  independently  of  the 
brain ;  a  fact  which  is  proclaimed  especially  by  the  state  of  tonicity 
or  permanent  contraction  of  those  muscles,  the  sphincters,  to  wit, 
which  depend  most  immediately  on  the  spinal  cord  **.  The  spinal 
cord  also  exerts  specific  influences  upon  certain  organic  functions. 
The  acts  with  which  it  is  in  relation,  however,  are  not  associated  with 
consciousness.  If  the  brain  be  separated  from  the  spinal  chord  in 
a  frog,  the  animal  will  nevertheless  go  on  for  hours  possessed  of 
the  power  to  move  its  extremities,  when  any  part  of  the  int^u- 
ment  is  pinched  or  stimulated,  but  without  all  consciousness,  and 

gether  of  isolated  cells,  arranged  in  a  linear  direction  only  towards  the  middle  of 
the  cord.  The  nerves  originate  by  single  roots,  the  |nimitive  fibres  of  which 
they  consist  being  seen  to  approach  close  to  the  cellular  mass  of  the  spinal  ooid, 
but  without  passing  ipto  it.    R.  W.3 

''"^  The  contraction  of  certain  muscles  during  life,  such  as  the  sphincter  am 
and  sphincter  vesicae  urinaria^,  depends  on  the  spinal  chord.  The  aenae  of 
weariness,  and  the  paralysis  of  the  lower  extremities  that  follow  excesses  in  sexual 
indulgence,  give  us  additional  assurance  of  the  existence  of  a  special  motory 
power  resident  in  the  spinal  chord. 
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Without  an jihing  like  Yolition ;  the  motions  are  automatic,  and  pro- 
ceed directly  from  the  spinal  chord,  in  consequence  of  an  excitement 
or  stimulation  of  its  substance  effected  through  the  nerves  of  sensa- 
tion ;  the  motions  are  pure  reflex  motions ;  in  other  words,  motions 
which  arise  from  stimuli  oonyeyed  to  the  spinal  chord  by  centripetal 
or  incident  nerves,  which  stimuli  are  then  transmitted  from  the  chord 
to  centrifugal  or  exdto-motory  nerves'***. 

§  358.  The  best  subjects  for  the  study  of  the  influence  of  the 
spinal  cord  upon  motion,  are  decapitated  animals,  naturally  teniv- 
<aous  of  life,  such  as  frogs*  *^  which,  indeed,  seem  peculiarly  fitted 
for  experiments  on  the  reflex  motions.  If  a  decapitated  frog  be 
placed  in  a  suitable  and  as  nearly  natural  position  as  possible,  it 
will  be  seen  that  the  animal  has  no  power  of  moving,  save  under 
the  influence  of  external  stimuli ;  the  capacity  by  an  internal  motion 
or  volition  to  move  any  of  the  parts  supplied  with  nerves  from  the 
spinal  chord  has  ceased  with  the  removal  of  the  brain***.  Imme- 
diately after  decapitation,  very  violent  convulsive  movements  follow 
in  the  trunk  and  extremities  of  all  animals,  in  consequence  of  the 
pressure  and  violence  attending  the  incision.     Occasionally,  but  not 

'"'  The  organic  fanction  above  refeired  to,  with  which  the  spinal  chord  stands 
in  a  kind  of  specific  relatiooship,  is  the  seznal  system.  Natrition  and  the  power 
of  eDgendering  heat,  suffer  from  over-indulgence  of  the  sexual  appetite ;  the 
skin  fiills  in  a  state  of  diminished  vital  turgor,  the  digestive  process  fails,  &c. 
[Probably  the  affection  of  the  nervous  system  is  quite  general  In  cases  of  para- 
lysis of  the  lower  extremities,  in  consequence  of  injuries  of  the  spine,  the  secre- 
tion of  the  urine  seems  always  to  be  implicated — ^the  fluid  is  pale  and  watery, 
and  either  neutral.'or  ammoniacaL  R.  W.]  Besides  the  works  already  noticed,  on 
the  anatomy  and  phsyiology  of  the  nervous  system,  we  have  lately  had  Longet,  Be- 
eherckes  exper.  etpathoL  sur  2e#  proprieUs  et  Us/ancUoiu  de  la  moeUe  epmUrt  et  de9 
racmes  des  ner/$^  Paris,  1841 ;  Stilling,  Fragments  on  (he  tubje^  of  ike  F^mc" 
tUm$  of  the  Nervous  System^ — Frmgrnente  zur  Zehre  wm  der  Verrichtung  des  Nerven- 
Systems^  in  Baser  und  WmderlicVs  Vierieljahrssehrift^  1842,  and  separately. 

''^  Amphibia  are  the  only  good  aul^jects  for  such  experiments ;  tortoises  and 
serpents  are  preferable  to  frogs  in  some  circumstances.  The  irritability  is  too 
speedily  quenched  in  warm  blooded  animals ;  nevertheless,  all  the  phenomena 
observed  in  frogs  may  also  be  demonstrated  in  them.  Frogs  are  particularly 
susceptible  in  spring  akid  autumn,  and  also  in  winter,  even  after  they  have 
fitted  for  a  very  long  time  ;  they  are  less  excitable  in  the  great  heats  of  summer. 

''^  Vide  §  343.  With  the  pliers  there  described,  the  whole  skull  may  very 
readily  be  removed,  and  the  brain  partially  or  entirely  taken  away.  Some  short 
interval  must  be  allowed  to  pass  afrer  such  an  operation,  as  well  as  after  decapi- 
tation, before  any  experiment  is  made. 

3  T 
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of^n,  the  decapitated  frog  will  make  a  vigorous  spring  immediately 
after  the  operatiou'**.  In  the  severed  head  we  frequently  observe 
chewing  and  swallowing  motions,  consequences  doubtless  of  the 
violence  done  to  the  medulla  oblongata.  Once  all  has  fallen  into  a 
state  of  repose,  the  trunk  remains  in  the  position  in  which  it  is 
placed,  if  stimuli  of  every  kind  be  avoided;  not  a  limb  moves,  not  a 
muscle  quivers  *^.  Frogs  and  other  amphibia  will  remain  in  the 
same  position,  motionless  for  hours,  and  yet  on  the  application  of  a 
stimulus  they  may  be  made  to  move  again.  If,  however^  the  fn^ 
be  placed  in  what  might  be  called  an  incommodious  posture,  imme- 
diately after  the  decapitation,  and  when  everything  like  convuMve 
movement  has  ceased, — if  the  hind  leg,  for  instance,  be  stretched  out 
behind  the  animal,  it  will  by  and  by,  within  from  five  to  ten 
minutes,  be  spontaneously  drawn  up  under  the  body,  as  it  is  in  the 
usual  sitting  position  of  the  animal.  This  movement  is  probably  an 
effect  of  the  sense  of  dragging  and  stretching,  familiarly  known  to  be 
experienced  in  parts  placed  for  some  time  in  a  constrained  position ; 
the  sensitive  nervous  fibres  of  the  parts  so  stretched  are  irritated, 
the  irritation  is  transmitted  to  the  spinal  chord,  and  a  refiez  move- 
ment ensues ;  the  motion  of  placing  the  hind  leg  as  it  is  in  sitting  is 
therefore  by  no  means  to  be  viewed  as  an  act  of  volition,  or  as  done 
with  consciousness  on  the  part  of  the  headless  animal^ '  *.  Motions, 
on  the  other  hand,  follow  immediately  upon  the  application  of 
stimuli  almost  of  any  kind,  which  must  be  even  as  involutarily 
and  unconsciously  performed,  as  those  just  considered.  These 
motions  are  varied  according  to  the  part  that  is  stimulated,  and  the 
extent  and  intensity  of  the  stimulus  employed  The  skin  of  the 
frog  is  abundantly  supplied  with  sensitive  nerves,  and  reflex  pheno- 

■^  Vide  §  401,  and  Annot. 

"^  KQrschner  in  his  translation  of  Marshall  Hall,  recommends  the  decapitated 
animal  to  be  covered  in  the  first  instance  with  a  glass  shade,  and  before  any 
stimulas  is  used ;  and  all  shaking  of  the  floor  or  table  on  which  it  is  placed 
must  be  avoided,  such  succussions  being  sufficient  to  give  occasion  to  reflex 
motions. 

"^  KQrschner  and  Volkmann  have  made  this  readily  verified  observation,  and 
explained  the  nature  and  cause  of  the  motion  described.  The  leg  is  drawn  sud- 
denly, not  gradually,  under  the  body,  so  soon  as  the  exhaustion  consequent  upon 
the  decapitation  has  passed ;  it  is  generally  the  first  sign  of  the  restored  suscep- 
tibility to  stimuli.    Vide  KUrschner,  1.  c,  p.  132. 
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mena  are  most  certainly  induced  hj  employing  cutaneous  stimula- 
tion''^^. If,  for  instance,  a  drop  of  acetic  acid  be  applied  to  any 
part  of  the  skin,  or  if  the  same  part  be  pinched  with  the  dissecting 
forceps,  we  never  fail  to  see  certain  complex  motions  follow,  which 
continue  for  a  variable  length  of  time,  are  of  greater  or  less  extent 
and  intensity,  and  have  this  remarkable  peculiarity  also,  that  they 
seem  to  stand  in  a  kind  of  necessary  connexion  with  the  part  of  the 
skin  which  is  irritated' •°.  We  never  observe  respiratory  motions 
in  the  course  of  such  experiments,  when  the  medulla  oblongata  is 
entirely  removed'**.  Neither  are  any  regularly  combined  move- 
ments executed,  an  extensive  harmoniousness  of  action  between  the 
muscles  of  the  trunk  and  of  the  anterior  and  posterior  extremities 
being  necessary  to  such  acts;  we  even  perceive  in  the  mode  of  holding 
itself,  of  the  decapitated  frog,  a  want  of  that  balance  and  force  which 
are  conspicuous  in  the  unmutilated  animal ;  the  trunk  in  particular 
18  bent  downwards  towards  the  belly ;  the  fore  legs  are  more  drawn 
up  and  do  not  seem  to  serve  aa  supports  in  the  usual  way.  The  bar- 
lance  between  the  flexor  and  extensor  orders  of  muscles  is  destroyed, 
and  the  alternation  of  action  between  antagonist  groups  is  either 
much  diminished  or  totally  lost'**.     The  extent  and  vigour  of  the 

''"^  The  most  irritable  parts  of  the  skin  are  those  about  the  articulations,  upon 
the  sides  and  over  the  belly ;  the  iotegument  of  the  back  is  less  susceptible. 
Reflex  motions  are  induced  with  much  greater  difficulty  by  stimulating  the 
muscles;  in  consequence  of  their  deficiency  in  sensitive  or  incident  nervous 
fibres.  The  respiratory  and  digestive  organs  seem  also  to  transmit  stimuli 
applied  to  them  in  decapitated  animals  generally,  with  great  difficulty  to  the 
spinal  chord ;  whilst  in  Uving  animals,  man  and  the  mammalia  especially,  so 
many  stimuli  applied  to  the  mucous  membrane  of  the  respiratory  and  digestive 
systems  give  occasion  to  reflex  movements;  here  the  integrity  of  the  central 
parts  would  therefore  appear  to  be  necessary. 

'^  It  is  very  interesting  to  see  the  same  motions  always  following  the  same 
irritations  of  the  skin.  If  the  integument  of  the  right  side  be  stimulated,  the 
flrog  immediately  raises  the  corresponding  hind  foot,  and  seeks  to  reach,  and  as 
it  were  to  remove,  the  cause  of  the  irritation ;  so  also  in  reference  to  the  left 
side.  Stimuli  applied  in  the  mesial  line,  to  the  anus  for  instance,  occasion 
movements  in  the  limbs  of  both  sides. 

''s*  Vide  Kiirschqcr,  1.  c,  p.  140.  No  expansion  of  the  chest  follows  stimuk- 
tion  of  the  skin  covering  it,  nor  of  the  bronchial  mucous  membrane,  nor  even  of 
the  spinal  chord  directly,  although  the  trunk  is  then  often  turned  in  all 
directions.  [As  the  frog  inflates  its  lungs  by  the  action  of  the  muscles  of  the 
lower  jaw  and  os  hyoides,  no  expansion  of  the  chest  can  take  place  in  this  animal 
when  its  head  is  struck  off*.    R.  W.] 

''^  Vide  KUrschner,  1.  c,  p.  144,  who  states  very  correctly,  that  extensors. 
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motions  are  also  oonstantly  very  decidedly  implicated  by  the 
moval  of  the  brain^**.  It  is  at  this  time  doubtful  whether  or  not 
any  of  the  organic  functions,  secretion  for  example,  are  renewed 
upon  the  application  of  stimuli  to  decapitated  animals^ '  *,  The  mo- 
tions which  follow  stimulation  in  decapitated  animals  continue  for  a 
longer  or  shorter  space  of  time,  according  to  the  nature  of  the  sti- 
mulus, and  in  a  general  way  are  clonic  in  their  character ;  it  is  only 
in  connection  with  very  violent  stimuli  that  they  become  tonic ; 
tetanus,  however,  may  be  induced  by  the  applicationof  the  galvanic 
stimulus  of  high  tension,  as  also  by  poisoning  with  strychnine  pre- 
viously to  the  occurrence  of  paralysis'**'.  The  most  diversified 
motions  occur  upon  the  direct  irritation  of  the  spinal  marrow  by 
the  use  of  a  fine  needle  at  the  place  of  division.  Here  we  have  an 
opportunity  of  testing  the  remarkable  fiM^t,  that  motions  never  ensue 
upon  stimulation  of  the  posterior  columns  of  the  chord,  whilst  they 
as  certainly  follow  the  application  of  the  needle  to  the  anterior  co- 
lumns. The  consequences  are  unequal  and  uncertain  when  the  grey 
substance  is  pricked.  These  experiments  may  be  repeated  with  the 
same  invariable  results  upon  different  sections  of  the  chord,  high^ 
up  or  lower  down  in  its  course*". 

flexon,  abductors,  adductora,  and  Tsrioas  other  nnucnlar  groups,  maj  be  actife 
in  an  extremity,  but  that  eyetything  like  very  complicated  motory  acts  are 
impossible  after  decapitation.  Flourens  had  already  directed  attention  to  this 
fkct.  Although  motions  occur,  therefore,  simultaneously  in  the  trunk  genersOy, 
and  in  aU  the  extremities,  they  are  on  the  whole  rather  spasmodic  or  convnlsife 
throes,  than  regular  coordinated  movements.  The  trunk  often  shifts  its  place 
turning  in  a  half-circle  round,  but  the  motion  is  not  one  of  those  effectiTe  leaps 
which  the  animal  performs  in  its  state  of  health,  and  with  its  medulla  oblong^ 
entire. 

^^  As  I  find  in  accordance  with  Flourens  and  Kfirschner. 

''^^  Kurschner  makes  a  statement  which  I  have  not  been  able  satisfiietorfly  to 
verify,  via":  ,^that  in  decapitated  frogs,  the  skin  will  become  moist  upon  the 
application  of  stimuli,  and  that  in  cases  in  which  he  had  made  use  of  sulphmitf 
acid'to  the  skin,  the  surface  became  bedewed  with  a  ftt)thy  fluid. 

''^  Slight  irritation  of  the  spinal  chord  with  a  needle,  or  with  a  simple  pair  of 
plates,  produce  clonic  spasms  only;  a  more  powerful  galvanic  apparatus  causes 
tetanus ;  which  may  also  be  induced  in  decapitated  frogs  by  the  poison  of 
strychnine. 

'^  Vide  Kurschner,  1.  c,  p.  197.  I  may  here  observe,  that  I  can  vouch  for 
the  accuracy  of  the  experiments  of  Kurschner,  which  give  a  very  dear  and  satis- 
factory view  of  the  functions  of  the  spinal  chord,  quoted  in  this  paragraph,  and 
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i  869,  From  the  experiments  quoted  at  the  close  of  the  preced- 
ing paragraph,  it  may  be  inferred,  that  the  posterior  and  anterior 
bundles  of  the  spinal  cord  comport  themselyes  in  the  same  manner 
as  the  nervous  roots  that  are  severally  connected  with  them ;  that 
the  posterior  tracts  are  purely  sensitive,  the  anterior  purely  motory. 
A  very  different  question,  however,  is  that  which  requires  to  know 
the  function  of  the  several  parts  of  the  grey  substance,  and  their 
reciprocal  influence  upon  the  anterior  and  posterior  bands  of  the 
chord  which  are  composed  of  white  matter.  Unfortunately  the  views 
of  the  most  distinguished  experimental  physiolo^ts  are  here  en- 
tirely contradictory.  It  is  for  time  and  renewed  inquiry  to  recon- 
cile their  differences^'''.  Even  the  more  intimate  structure  of  the 
spinal  cord  is  not  yet  very  exactly  ascertained^  *  *• 

that  I  can  agree  with  him  in  the  inferences  he  draws.  The  functional  relations 
of  the  several  tracts  or  strands,  and  particular  substances  of  the  chord,  as  they 
are  set  down  by  recent  observers,  which  yet  remain  to  be  spoken  of  in  the  next 
ensuing  paragraphs,  appear  to  me  to  be  still  in  some  measure  problematical ;  the 
views  and  statements  are  everything  but  accordant ;  and  my  own  experiments 
do  not  enable  me  to  come  to  any  definitive  conclusions.  Some  of  the  experi- 
ments of  distinguished  inquirers  must  only  succeed  with  precautions  and 
arrangements  to  me  unknown.  Stilling,  for  instance,  L  c,  p,  125,  says,  ''If  the 
spinal  canal  of  a  frog  be  laid  open  from  behind,  by  taking  away  the  third  and 
fourth  vertebral  arches,  and  the  spinal  chord  be  then  divided  at  the  distance  of 
a  line  under  the  point  at  which  the  roots  are  given  off  to  form  the  nerves  of  the 
anterior  extremity,  and  a  drop  of  acetic  acid  be  now  applied  to  one  of  the  fore 
feet,  the  bind  foot  of  the  same  side  will  be  used  to  remove  the  irritating  fluid 
from  the  fore  foot  precisely  as  if  the  animal  were  uninjured.**  I  have  tried 
this  experiment  on  20  vigorous  frogs,  in  winter  and  in  spring,  but  without 
success.  The  circumstance  would  indeed  be  very  remarkable  could  it  be 
confirmed. 

''^  I  shall  do  no  more  here  than  give  a  summary  of  the  conclusions  come  to 
by  different  experimentalists  as  set  down  by  themselves  at  the  end  of  their  trea- 
tises, without  going  into  the  detail  of  their  several  experiments.  The  chief  diffi- 
culty experienced,  I  may  mention,  seems  always  to  have  been  to  limit  the  trials 
to  particular  isolated  portions  of  the  spinal  chord,  without  implicating  other  parts 
in  connexion  with  them.  According  to  Van  Deen,  1.  c.  p.  199,  the  functions  of 
the  spinal  chord  are  these:  1.  The  white  or  medullary  tracts  of  the  anterior 
&sciculi  serve  for  motion  alone.  2.  The  anterior  fasciculi  with  their  grey 
substance  serve  for  sensation  as  well  as  motion.  3.  The  white  substance  of  the 
posterior  columns  serves  for  sensation  alone.  4.The  posterior  columns  with  their 
grey  substance  are  still  destined  exclusively  for  sensation.  5,  The  white  sub- 
stance of  the  posterior  columns  need  not  necessarily  extend  to  the  brain  in  order 
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§  360.     The  medulla  oblongata  ought  undoubtedly  to  be 
considered  as  an  integral  part  of  the  brain ;  but  both  on  anat(»iucal 

to  communicate  there  the  impresaionB  received  by  the  channel  of  the  anterior 
nervous  roots.  6.  The  white  substance  of  the  posterior  columns  does  not  of 
itself  readily  transmit  sensitive  impressions  to  the  brain.  7.  But  the  white  sub- 
stance of  the  posterior  columns,  so  long  as  it  is  in  contact  or  communication  with 
its  grey  matter,  transmits  impressions  to  the  brain  with  ease.  8.  The  anteriw 
white  substance  without  the  grey  substance  is  not  capable  of  conveying  the  dic- 
tates of  the  will  directly  to  the  muscles  through  the  anterior  nervous  roots ;  it 
can  at  most  induce  muscular  twitchings  or  convulsions.  9.  The  same  conditions 
that  excite  sensations  also  occasion  reflex  motions,  that  is  to  say,  that  as  sensa- 
tion depends  on  the  posterior  columns,  grey  matter,  and  nervous  roots,  so  does 
the  reflex  motion  depend  on  the  same  parts  of  the  spinal  chord.  10.  In  the  same 
way  as  the  anterior  columns  convey  sensation  to  the  brain  do  they  also  occasion 
reflex  motion  in  the  direction  of  the  spinal  chord  to  the  bndn;  neither  ensues, 
however,  without  the  co-operation  of  the  grey  substance.  11.  It  is  through  the 
grey  substance  that  impressions  from  the  posterior  roots  are  conmiunicated  to 
the  anterior  roots.  12.  It  is  also  through  the  grey  substance  that  impressions 
from  one  centripetal  primitive  fibre  are  communicated  to  another.  13.  The  grey 
substance  performs  the  same  office  with  regard  to  the  centrifugal  primitive  fibres. 
14.  The  centripetal  and  centrifugal  [incident  and  excito-motory]  fibres  must  be 
viewed  as  mere  conductors  of  the  nervous  influence ;  the  grey  substance  as  the 
active  centre  of  the  nervous  system. — Stilling  (L  c.  p.  143,)  from  his  experiments 
deduces  the  following  conclusions :  1.  The  posterior  nervous  roots  are  sensitive, 
but  this  they  are  solely  through  the  posterior  grey  matter,  and  their  connexion 
with  the  posterior  columns.  2.  The  posterior  white  or  medullary  substance,  or 
posterior  columns,  are  sensitive  only  in  virtue  of  their  connexion  with  the  poste- 
rior grey  substance.  3.  The  posterior  grey  substance  is  alone  capable  of  trans- 
mitting sensation  from  the  seat  of  consciousness  to  the  brain.  4.  The  posterior 
medullary  substance  alone  is  not  capable  of  transmitting  sensation  to  the  brain. 
5.  The  anterior  medullary  substance  or  anterior  columns  are,  in  common  with 
the  anterior  nervous  roots,  insensible.  6.  The  anterior  columns  alone  are  not 
capable  of  transmitting  the  behests  of  the  will  to  the  motory  roots.  7.  The  an- 
terior grey  substance  is  alone  capable  of  communicating  the  influence  of  the  will 
directly  fix>m  the  brain,  and  by  the  means  of  the  anterior  columns  to  transmit 
this  farther,  viz.,  to  the  motory  nervous  roots.  8.  There  is  no  necessity  for  the 
uninterrupted  connection  of  the  posterior  columns  in  order  to  have  impressions 
conveyed  to  the  brain,  nor  is  there  any  necessity  for  the  uninterrupted  connexion 
of  the  anterior  columns  to  have  the  dictates  of  the  will  transmitted  to  all  parts 
of  the  spinal  cord.  9.  The  dynamic  changes  made  in  the  posterior  grey  sub- 
stance by  impressions  received,  extend  farther  in  all  directions  in  the  course  of 
the  length  and  of  the  breadth  of  the  chord  in  every  sense,  consequently  upwards 
to  the  brain,  whence  results  sensation,  anteriorly  to  the  anterior  grey  substance, 
whence  ensue  reflex  motions,  from  one  side  to  another,  whence  follow  more  exten- 
sive consentient  movements  even  in  the  side  of  the  body  not  originally  impressed, 
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and  physiological  grounds  it  must  be  viewed  as  sharing  its  functions 
with  the  spinal  chord.  The  yery  great  importance  of  this  cerebral 
part  also  appears  from  the  fact,  that  the  whole  of  the  cerebral  nerves, 
with  the  exception  of  the  two  first  pairs,  are  in  immediate  connec- 
tion  with  it*  It  stands  to  these  in  the  same  relation  as  the  spinal 
chord  does  to  the  spinal  nerves.  It  is  here  too  that  the  anterior 
columns  of  the  spinal  cord  decussate,  viz.,  at  the  apices  of  the  pyr- 
amidal bodies.  The  decussation  appears  to  stand  in  a  kind  of  special 

and  so  on.     10.  Impressions  made  on  the  posterior  columns,  like  those  made  on 
the  anterior  columns,  do  not  extend  farther  lengthwise  along  the  spinal  chord.  The 
impressions  of  the  posterior  columns  proceed  from  behind  forwards,  in  a  hori- 
zontal direction,  to  the  posterior  grey  substance.     The  impressions  of  the 
anterior  columns  pass  over  to  the  nearest  motory  roots,     1 1.  To  the  production 
of  sensation,  the  uninterrupted  connection   of  the  posterior  grey  substance 
betwixt  the  part  irritated  and  the  brain,  is  necessary ;  to  the  excitement  of 
voluntary  motions,  the  uninterrupted  connection  of  the  anterior  grey  substance 
betwixt  the  brain  and  the  nervous  root  that  is  called  into  action,  is  indispen- 
sable.— Budge  (^Researches  on  the  Nervous  System^ — Untersuchungen  uber  das 
NerveU'Sifstem^  p.  12.  et  seq.)  announces  the  conclusions  from  his  experiments 
as  under :  I .  There  is  no  level  or  point  in  the  whole  thickness  of  the  spinal  chord 
that  is  without  sensation, — it  has  its  seat  in  the  length,  in  the  breadth,  in  the 
middle,  and  to  either  side,  before  and  behind,— everywhere  there  is  sensibility. 
2.  Sensation  is  much  more  acute  in  the  outer  layer  of  the  posterior  columns  of 
the  spinal  chord  than  in  the  outer  layer  of  the  anterior  columns.    This  layer 
removed,  however,  the  susceptibility  to  impressions  of  pain  is  nearly  everywhere 
alike.    3.  The  sensitive  fibrils  continue  through  the  entire  length  of  the  spinal 
chord  upon  the  same  side, — those  of  the  right  to  the  right,  those  of  the  left  to 
the  left.    4.  The  sensitive  fibres  which  together  have  their  entrance  firom  the 
posterior  aspect  of  the  chord,  must,  necessarily,  having  entered  the  organ,  pro* 
ceed  to  the  anterior  aspect,  else  could  there  be  no  sensation  in  connection  with 
them.    5.  The  motory  fibres  run  through  the  whole  thickness  of  the  spinal 
chord, — ^they  h'e  behind,  before,  inside  and  out.    6.  The  motory  fibres  of  the 
whole  of  the  trunk  and  extremities  being  collected  in  the  anterior  aspect  of  the 
spinal  chord,  the  motions  which  follow  the  irritation  of  this  aspect  are  of  course 
more  powerful ;   but  the  capacity  to  perform  motions  is  implicated  in  the  same 
degree,  by  the  destruction  of  a  portion  of  the  posterior  columns,  as  it  is  by  the 
destruction  of  a  portion  of  the  anterior  strands.    7.  Motions  in  extension  can 
be  excited  from  a  larger  extent  of  the  spinal  chord  than  motions  in  flexion. 
8.  The  nerves  which  preside  over  motions  in  extension  predominate  in  the  ante- 
rior strands  of  the  spinal  chord.    9.  The  nerves  which  are  connected  with 
motions  in  flexion,  predominate  in  the  posterior  aspect  of  the  chord ;  but  they 
are  not  there  alone. 

''^  I  have  not,  at  all  events,  been  able  to  make  out  the  relations  between  the 
ganglionic  corpuscles  and  the  primitive  fibres. 
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relationship  with  the  motory  fibres  of  the  inferior  extremitied^**. 
The  medulk  oblongata  is  a  very  principal  apparatus  of  motion;  any 
stimulation  or  irritation  of  its  substance  is  followed  bj  convukiTe 
moTements  of  the  whole  body,  upon  which  paralysis  ensues.  It  is 
an  especial  reflector^  and  of  all  parts  it  is  that  which  is  most  exten- 
sively connected  with  reflex  motions ;  peripheral  irritation  or  stimu- 
lation of  the  nerves  which  arise  from  the  medulla  oblongata,  is 
peculiarly  apt  to  induce  reflex  motions.  The  most  important  motory 
influences,  however,  of  the  medulla  oblongata  are  those  that  subserve 
respiration,  which,  indeed,  depends  exclusively  upon  it ;  respiration 
immediately  ceases  when  it  is  injured.  All  the  rhythmical  motions 
associated  with  the  act  of  respiration,  such  as  laughing,  yawning, 
sighing,  etc,  likewise  depend  on  the  medulla  oblongata.  The  faculty 
or  power  of  volition  seems  also  to  have  its  probable  seat  in  the  medulla 
oblongata ;  for  many  of  the  inferior  vertebrate  animals,  after  the  par- 
tial or  complete  removal  of  their  bndn  and  cerebellum,  still  retain  the 
power  of  performing  voluntary  motions ;  notions  which  at  all  events, 
from  thecombination  required  in  th^n,  and  number  of  muscles  brought 
into  action,  have  every  semblance  of  voluntary* **°.  All  the  psycholo- 
gical excitements  or  faciQties, — afiections,  passions,  etc,  are  realized 
or  made  manifest  by  means  of  the  medulla  oblongata,  and  all  the  more 
extensive  motions, — locomotion,  etc,  are  only  possible  along  with 
perfect  integrity  of  this  part*^\     It  still  remains  doubtful  in  how 

^^  According  to  Badge,  (L  e^  p.  22,)  the  decnssation  of  the  motory  fibres 
of  the  lower  limbs  take  place  in  tbe  medulla  oblongata ;  the  eorresponding  fibres 
of  tbe  upper  extremities  bave  not  yet  decussated  bere.  Tbe  decussation  of  the 
nerves  of  tbe  inferior  extremities'appears  from  experiment  to  take  place  at  no 
great  distance  from  the  end  of  the  medulla  oblongata,  and  not,  or  in  a  Teiy 
trifling  degree,  only  at  the  entrance  into  the  cavity  of  the  cranium.  Experiments 
on  tbe  medulla  oblongata  are  undertaken  precisely  in  tbe  same  way  as  those 
already  described  in  connexion  with  tbe  spinal  diord  of  the  firog  (§  35S). 

"^  This  condnaon  is  fix>m  the  enquiries  of  Flourens,  although  the  experi- 
ment is  hardly  to  be  made  in  such  a  way  as  will  enable  any  certain  distinction 
to  be  made  between  voluntary  and  involuntary  motions.  The  indisputably 
voluntary  motions  of  the  amphioxus  lanceolatus  give  us  better  assurance  that 
the  thing  is  so,  for  if  there  be  any  central  nervous  part  other  than  the  Bpintl 
chord  developed  in  this  euiious  animal,  it  is  the  ^medulla  oblongata.  Yide 
§856. 

^^  Stimuli  applied  to  the  integuments  of  decapitated  frogs,  only  cense  the 
animals  to  leap,  when  the  medulla  oblongata  still  remains  connected  with  the 
trunk  and  uninjured,  a  fact  which  is  easily  ascertained  by  experiment.    Kttrscb- 
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far  the  medulla  oblongata  participates  in  the  faculty  of  sensation. 
Any  conclusion  in  this  direction  from  experiments  must  be  unsatis- 
factory, inasmuch  as  all  the  phenomena  that  have  been  noted  are 
readily  referred  to  reflex  actions*  °\  The  exposure  and  injury  of 
the  medulla  oblongata  in  living  animals  appears  to  be  one  of  the 
most  painful  operations  that  can  be  performed*  °'.  The  pons  is  also 
extremely  sensitive ;  the  walls  of  the  aqueduct  of  Sylvius,  on  the 
contrary,  seem  to  be  altogether  without  feeling'"'.  The  pons, 
moreover,  receives  very  numerous  motory  fibres  from  the  anterior 
strands  of  the  medulla  oblongata. ; 

§  361.  The  cerebellum  gives  no  indication  of  being  possessed  of 
feeling  when  its  superficial  parts  are  taken  away.  The  deeper  parts, 
however,  do  appear  to  be  sensible,  although  the  results  of  vivisec- 
tions are  very  contradictory  on  this  point*  °*.  The  consequences  of 
removing  the  cerebellum,  indeed,  seem  to  differ  somewhat  in  the 
different  orders  of  animals ;  still  the  results  are  far  more  generally 
accordant  than  we  are  accustomed  to  find  them  in  experiments  upon 
other  central  parts  of  the  nervous  system.  When  smaller  or  larger 
slices  are  taken  from  the  cerebellum,  the  power  to  execute  definite 
locomotive  acts  is  always  either  lessened  or  totally  lost.  A  state  is 
induced  which  bears  some  resemblance  to  that  of  intoxication,  in 
which,  indeed,  from  .analogy  with  what  we  see  in  experiments  on 
animals,  we  should  conclude  that  the  cerebellum  was  peculiarly 
affected.  Animals  whose  cerebella  have  been  injured  or  removed, 
acquire  an  insecure  and  tottering  gait ;  they  turn  round,  they  move 
to  the  right,  to  the  left,  backwards  and  forwards,  the  faculty  of 
balancing  the  body  is  lost,  but  the  power  of  volition  does  not  seem 
to  be  affected,  for  the  creatures  make  a  number  of  violent  but  use- 

ner  never  saw  any  proper  locomotion  when  the  spinal  chord  only  was  left, 
L  c^  p.  147. 

^^  The  same  observation  may  be  made  here  as  above,  Annot.  799. 

^^  It  is,  therefore,  well  in  performing  such  an  experiment,  first  to  remove  the 
hemispheres,  and  so  destroy  consciousness. 

^'  See  MtL^endie^ a  Lectures  an  the  Nervous  St/stem^  p.  160.  The  slightest 
touch  upon  the  anterior  edge  of  the  pons  in  the  rabbit,  occasioned  every  indica- 
tion of  the  severest  pain ;  the  walls  of  the  aqueductus  Sylvii,  again,  when  touched 
with  a  probe,  appeared  insensible. 

^^  According  to  Flourens  and  Hertwig,  the  cerebellum  is  insensible.     Ma- 
gendie,  from  experiments  on  rabbits,  concluded  that  the  superficial  parts  only  of 
this  mass  were  without  feeling ;  deeper  wounds  caused  indications  of  suffering. 

3  z 
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less  motions ;  they  endeavour  to  escape;  they  try  to  avoid  blows 
aimed  at  them ;  but  they  are  eflTorts  only  that  do  not  enable  them 
to  effect  the  purpose   obviously  desired*  °*.     These  results  have 

8«  The  numerous  and  always  accordant  conclusions  of  experimenters  upon 
this  point  are  satisfactory.  The  first  fundamental  and  very  comprehensive  experi- 
ments were  made  by  Flourens,  on  animals  of  different  orders,  but  particularly 
on  birds  (Recherches  exper.  sur  le»  propriHes  et  fonciions  du  Systems  Nervtux^ 
1824,  et  Experiences  sur  les  Systeme  Nerveux,  suite  aiu:  ReehercheSj  1825).  His 
experiments  were  repeated  and  confirmed  by  Hertwig,  (De  effectibus  ItenoKum  in 
parUhus  encephali,  Berol,  1826,)  and  by  Budge,  Op,  CU.,  Part  i.  Flourent 
removed  the  outer  layer  of  the  cerebellum  of  a  guinea-pig,  and  the  faculty  of 
walking  and  standing  was  immediately,  though  slightly,  implicated.  The  middle 
portions  having  been  removed,  the  motions  of  the  animal  became  tottering,  and 
without  order,  as  in  drunkenness ;  the  feet  were  moved  rapidly  and  awkwardly ; 
the  animal  tripped  over  its  own  limbs,  fell,  and  then  made  inappropriate  efibrta 
to  raise  itself  again,  &c.  The  deepest  portions  of  all  being  removed,  the  feet 
were  often  moved  as  if  it  would  walk  or  run,  but  without  stirring  fix)m  the 
place.  If  the  creature  succeeded  in  standing  up  at  one  moment,  it  almost  im- 
mediately fell  down  again,  and  so  on.  In  another  guinea-pig,  Flourens  removed 
the  whole  of  the  cerebellum  at  once,  upon  which  all  power  to  walk  or  stand  was 
lost,  although  powerful  efforts  with  the  limbs  were  still  made.  Hertwig  removed 
more  than  half  the  cerebellum  in  a  cat :  the  motions,  particularly  of  the  fore 
feet^  became  irregular,  the  animal  tottered,  and  fell  forwards ;  if  it  was  threat- 
ened, it  endeavoured  to  fly,  raised  itself  from  the  ground,  but  immediately  fell 
again  upon  the  side,  or  made  a  few  steps  back  instead  of  forwards.  The 
animal  lived  to  the  9th  day,  the  motions  becoming  continually  more  and  more 
affected.  Magendie*s  experiments  of  the  same  kind  were  followed  by  like 
effects ;  rabbits  in  their  endeavours  to  escape,  moved  backwards.  Budge  re- 
moved at  a  single  stroke  the  whole  left  half  of  the  cerebellum,  immediately 
afterwards  the  animal  spun  several  times  violently  round  to  the  left  side ;  the 
movements  were  then  less  vigorous,  but  they  were  still  all  directed  to  the  left. 
When  at  length  all  motion  ceased,  the  creature  sat  upon  the  ground,  still 
inclined  to  the  left  side.  Upon  the  application  of  any  kind  of  stimulus,  the  old 
spinning  motion  was  resumed.  Other  similar  experiments  were  always  attended 
by  the  same  effects.  Hertwig  and  Budge  observed  great  general  muscular 
debility  to  follow  wounds  of  the  cerebellum,  which  was  usuaUy  greatest  immedi- 
ately after  the  operation ;  when  the  shock  of  this  had  passed,  the  strength  often 
returned  in  a  certain  degree.  In  the  cases  of  disease  of  the  cerebellum,  and 
particularly  in  the  one  of  original  deficiency  of  the  part  observed  and  de- 
scribed by  M.  Combette  (^Revue  Medicaley  Avril,  1831,)  Magendie,  and  Cru- 
veilhier  {Anat.  Pathologiguey  Liv.,  15,  PI.  v.),  there  was  great  muscular  debDity 
in  the  extremities.  [The  subject  of  this  celebrated  case  was  a  girl  who  died  in 
her  eleventh  year ;  she  was  generally  feeble,but  she  spoke,  although  with  hesiU- 
tioD,  and  her  legs  though  weak  sufficed  her  to  walk  withal,  and  then,  she  used 
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consequently  led  to  the  conclusion  that  the  oi&ce  of  the  cerebellum 
was  to  co-ordinate  or  duly  combine  the  voluntary  motions — to  regu- 
late the  harmony  of  motions  in  space***".  Consciousness,  will, 
and  sensation  still  exist  after  injury  to  or  removal  of  the  cerebellum. 
The  cerebellum  would  not  seem  to  act  as  a  reflector ;  injury  of  its 
substance  is  never  followed  by  convulsions' °\  The  effects  of  injury 
to  the  cerebellum  appear  above  the  decussation,  that  is  to  say,  upon 
the  side  opposite  to  the  one  which  has  been  injured.  The  cerebel- 
lum has  been  regarded  as  the  central  organ  of  the  sexual  appetite, 
but  upon  no  sufficient  data'^*. 

§  362.  Experiments  on  animals  confirm  the  obvious  anatomical 
connection  of  the  meso-cerebrum  (§  346)  with  the  organ  of  vision. 
Injuries  of  the  corpora  quadrigemina  are  followed  by  blindness  on 
the  side  opposite  to  that  on  which  the  injury  is  done;  the  same  con- 
sequence follows  the  partial  or  complete  destruction  of  the  thalamus. 
Injuries  of  these  parts  have  precisely  the  same  effects  as  direct  inju- 

her  hands.  The  poor  child  was  almost  an  idiot ;  but  as  she  spoke,  and  toaUked^ 
and  made  use  of  her  hands,  it  is  ohvious  that  the  cerehellum  could  have  had 
nothing  to  do  with  the  highly  complicated  movements  requisite  in  all  these 
acts.    R,  W.] 

"^  Budge  calls  the  cerehellum  an  organ  for  the  control  of  irregular  or  un- 
bridled muscular  power. 

"^  This,  from  the  concordant  results  of  different  experiments,  particularly 
those  of  Hertwig. 

^^  Gall  was  the  author  of  this  theory,  and  he  has  been  followed  by  all  late 
craniologists  or  phrenologists.  Precise  facts,  however,  have  not  confirmed,  and 
pathological  data  seem  rather  opposed  than  favourable  to  his  views.  [Baron 
Larrey  was  nevertheless  led  by  his  •  extensive  experience  to  conclude  that  *Hhe 
cerebellum  exerted  a  strongly  marked  vital  influence  on  the  genital  organs.** 
CUnique  CTiirurgicale,  tom.  1,  p.  297,  1S29.  "A  young  soldier  of  18,  received 
a  blow  upon  the  nape  of  the  neck.  He  became  alarmingly  ill  in  consequence, 
and  only  quitted  the  hospital  after  three  months*  sojourn  there.  Fourteen  years 
afterwards  this  man  presented  himself  for  discharge.  He  was  thin,  pale,  and 
beardless,  and  his  voice  was  piping  and  feminine.  His  genital  organs  were 
reduced  to  the  size  of  those  of  a  child  a  few  months  old ; — the  testes  were  not 
larger  than  small  haricot  beans.  He  stated  that  since  his  accident  he  had  been 
without  any  sexual  desire,  although  he  had  formerly  been  like  the  rest  of  his 
comrades  in  this  respect,  and  that  his  beard,  which  was  well  grown  at  the  age  of 
18,  had  since  fallen  out.  His  intellectual  Acuities  had  never  been  affected.** 
Ih,y  p.  303.  **An  artillery -man  received  a  musket  shot  in  the  neck,  the  ball 
traversing  the  nape  and  grazing  the  occipital  protuberances.  The  sight  and 
hearing  were  much  affected;  the  testes  fell  into  a  state  of  atrophy,  and  the  penis 
shrunk  in  the  same  degree,  and  was  altogether  inactive.**  Tb,,  p.  305.  R.  W.] 
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ries  of  the  optic  nerves  themselves.  Superficial  injuries  of  the  cor- 
pora quradrigcmina  do  not  destroy  the  contractile  power  of  the  iris, 
— the  pupil  continues  moveable ;  but  extensive  injury  or  entire  abla- 
tion of  the  parts  paralyses  the  iris.  Consciousness  and  memory  are 
not  destroyed  by  injuries  done  to  the  corpora  quadrigemina.  Accord- 
ing to  some  observers,  convulsions  (on  the  opposite  side)  follow  inju- 
ries of  the  corpora  quadrigemina;  according  to  others,  nothing  of  the 
kind  ensues.  Muscular  weakness,  vertigo,  and  a  disposition  to  turn 
to  the  side  injured  have  been  frequently  observed.  Increased  move- 
ments of  the  intestines  have  also  been  observed  when  the  corpora 
quadrigemina  have  been  irritated* °*. 

5  363,  The  primitive  fibres  which  go  to  the  constitution  of  the 
cerebral  hemispheres  have  least  of  all  to  do  with  the  simple  motory 
and  sensitive  operations  of  the  nervous  substance.  All  inquirers 
agree  in  considering  the  hemispheres  as  altogether  insensible ;  they 
may  be  cut  and  partially  removed  without  any  feeling  of  pain  being 
excited**®.  But  the  senses  of  sight  and  smell  are  lost.  The  iris 
retains  its  contractile  power.  It  is  doubtful  whether  or  not  the  sense 
of  hearing  ceases  when  the  hemispheres  are  removed**'.  The  ob- 
vious effects  of  such  an  operation  are  manifested  on  the  side  oppo- 
site to  that  which  is  injured.  Muscular  debility  follows  on  one  side, 
or  in  case  both  the  hemispheres  are  excised  on  both  sides ;  but,  as 
it  seems  merely  from  the  shock  of  the  operation ;  the  power  of  ba- 
lancing the  body  and  the  strength  are  recovered  after  a  short  time. 
Some  animals,  birds  and  amphibia  especially,  will  live  for  weeks 
and  even  months  after  extirpation  of  the  hemispheres;  but  they 

^^  The  experimonts  of  Flourens  and  Her  twig  differ  in  some  particulars.  The 
former  observed  conyulsions  to  follow  injuries  of  the  corpora  quadrigemina,  the 
latter  did  not.  Hertwig  asserts,  that  the  sight  is  at  first  lost  when  these  bodies 
are  partially  destroyed,  but  is  by  and  by  recovered.  Flouxens,  Magendie,  and 
Desmoulins,  observed  vertigo  and  lateral  whirling.  Budge  (1.  c,  p.  152)  is  the 
author  of  the  statement  in  regard  to  the  small  intestines.  With  reference  to 
the  motory  fibres  here  alluded  to,  see  later,  §  364. 

'^'^  On  this  subject,  we  have  numerous  experiments  by  Flourens,  Hertwigi 
and  Budge,  and  these  are  very  readily  repeated  on  frogs,  and  on  birds — ^particu- 
larly pigeons  and  ducks. 

""  Flourens  states  that  the  hearing  is  lost  when  the  bemispherea  are  removed; 
Magendie  and  Malcorps,  on  the  contrary,  found  that  it  was  not  affected.  The 
fact  involved  here,  is  of  interest,  because  of  the  intimate  anatomical  connection 
of  the  auditory  apparatus  with  the  fourth  ventricle  and  medulla  oblongata. 
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require  to  be  fed  by  hand***.     Convulsions  are  not  induced  by  re- 
moval of  the  hemispheres. 

As  the  cerebral  hemispheres  consist  in  principal  part  of  medullary 
masses,  composed  of  very  delicate  primitive  fibres,  and  a  smaller 
admixture  of  gray  matter  or  ganglionic  corpuscles,  the  fibres  appear 
to  be  of  a  peculiar  kind,  and  are  certainly  not  destined  to  act  as 
conductors  of  sensation  and  motion.  The  hemispheres  rather  appear 
to  be  the  exclusive  instruments  of  the  higher  psychological  activi- 
ties. The  anatomical  relations  already  detailed,  vouch  for  this  fiict, 
viz :  the  scanty  development  of  these  masses  in  the  lowest  grades  of 
vertebrate  animals,  their  imperfect  formation  in  cases  of  idiotcy, 
their  progressively  larger  size  as  the  faculties  increase  in  num- 

^^^  Qoadnipeds  are  not  nearly  such  good  subjects  for  this  experiment  as 
birds,  by  reason  of  the  great  extent  of  wound  that  must  be  made,  the  copiousness 
of  the  hsemorrhage,  '&c.  Instead  of  referring  to  several  experiments  in  a  general 
way,  I  shall  here  quote  one  at  length,  which  Malcorps,  of  Lyons,  performed, 
and  which  he  describes  particularly  in  a  letter  to  Magendie  (vide  Magendie, 
Maladies  du  Systime  Nerveux),  The  subject  of  the  experiment  in  this  case,  was 
a  pigeon,  from  which  the  cerebral  lobes  were  removed  on  the  28th  of  April,  1839, 
and  which  was  still  alive  and  vigorous  on  the  8th  of  July,  the  date  of  the  letter. 
The  cranium  was  first  removed,  and  the  hemispheres  taken  away  one  after  the 
other,  with  the  handle  of  the  scalpeL  The  wound  was  dressed  with  lint  dipped 
in  cold  water  to  stop  the  bleeding.  Four  hours  afterwards,  the  lint  was  dispensed 
with,  and  the  flaps  of  the  wound  approximated,  but  not  maintained  by  any  kind 
of  bandage.  Next  da}^  the  creature  was  found  not  to  take  the  food  which  was 
placed  before  it ;  the  food  was,  therefore,  put  into  its  mouth,  and  the  root  of  the 
tongue  being  touched,  motions  of  deglutition  were  immediately  induced,  (reflex 
motions;  vide  §  358).  At  the  time  the  letter  was  written,  this  pigeon  was  per- 
fectly well  in  health,  and  had  not  even  lost  flesh.  It  required  to  be  fed  three 
times  a  day ;  it  was  only  necessary  to  put  the  food  into  the  bill ;  deglutition 
ensued  forthwith.  The  faeces  were  normal ;  the  motions  of  all  kinds  were  free 
and  unimpeded,  the  flight  was  only  not  so  powerful  as  natural.  Thrown  into 
the  air,  the  creature  soon  came  down  again  of  itself;  it  never  flew  more  than 
about  a  couple  of  feet  high.  The  general  sensibility  was  normal ;  it  was  difficult 
to  decide  on  the  state  of  the  sense  of  vision.  When  an  object  was  thrust  quickly 
before  the  creature,  it  did  not  move.  When  a  light  was  approached,  the  pupil 
contracted,  but  the  bird  remained  indiflerent,  and  did  not  seek  to  escape.  Con- 
fined in  a  darkened,  or  partially  illuminated  place,  it  was  found,  however,  to  seek 
out  the  light  parts ;  and  it  avoided  bodies  that  lay  in  its  way.  Strong  odours 
did  not  appear  to  affect  it ;  and  sudden  noises  made  no  impression.  At  night 
it  slept  with  closed  eyes ;  but  on  the  slightest  noise  it  raised  its  head  in  a 
remarkable  manner  and  opened  its  eyes,  which  anon  it  closed  again.  Its  principal 
occupation  was  to  prune  its  feathers  and  to  scratch  itself. 
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ber  and  in  power,    and    their   ample   dimensioiiB  in    eminently 
intellectual  and  moral  men'  *  *. 

§  364.  Animals  whose  cerebral  hemispheres  have  been  removed, 
are  dull  in  their  senses,  apatliic,  and  only  capable  of  manifesting 
reflex  movements.  They  seem  to  be  plunged  in  a  sort  of  sopor^ 
like  men  who  are  suffering  under  compression  of  the  brain  from  the 
effusion  of  blood  or  of  serum  within  the  skull,  from  depression  of 
a  portion  of  the  cranium,  etc  The  organic  functions  are  performed 
for  a  certain  indefinite  time,  and  all,  or  the  greater  number,  of  the 
motions  can  be  executed,  but  they  no  longer  take  place  under  the 
guidance  of  internal  or  mental  behests.  With  regard  to  the  func- 
tions of  the  several  parts  of  the  cerebrum,  we  have  little  more  than 
hypothesis*  *  *.  The  commissures  appear  to  secure  unity  in  the 
operations.  Injury  of  the  corpus  callosum  and  neighbouring  parts, 
does  not  seem  to  occasion  blunting  of  any  of  the  powers — the  senses 
remain  active ;  and  the  sensibility  to  pain  is  undisturbed ;  several 
phenomena  seem  to  accord  with  those  that  appear  when  the  cere- 
bellum is  injiured,  so  that  the  corpus  callosum,  like  the  cerebellum, 
has  probably  some  connection  with  the  voluntary  motions*"*. 

^^^  [Reil  expresses  himself  thus,  id  connection  with  this  subject :  "  The 
brain  is  the  organ  of  the  internal  senses  [moral  and  intellectual  Acuities]. 
The  nerves  of  the  external  senses  and  voluntary  muscles,  escape  fiom  the 
cranium  forwards,  and  backwards,  and  ramify  over  the  whole  of  the  body 
in  order  to  connect  it  with  the  organ  of  the  soul ;  the  nerves  of  the  internal 
senses,  again,  have  no  object  beyond  the  cranium,  and  are,  therefore,  found 
rolled  up  on  themselves  and  forming  the  masses  of  the  brain  (roDen 
sick  in  sick  zur  Mccsse  des  Gehirns  ztuammen,)  Archiv  fur  Phygiohgiey  1802, 
B.  vi.  S.  406.  Let  us  trust  that  if  this  be  so,  physiologists  will  speedily  turn 
their  attention  to  the  discovery  of  these  "nerves  of  the  internal  senses,**  and 
not  leave  by  far  the  most  interesting  page  in  the  history  of  their  science  the  mere 
blank  which  it  is  at  this  moment.  Diversity  of  apparatus  in  connection  vrith 
diversity  of  function,  appears  to  be  one  of  the  most  invariable  laws  of  the  animal 
economy ;  and  if  mind  be  not  one  and  indivisible, — ^if  the  several  dissimilar 
moral  and  intellectual  manifestations  which  we  see  in  the  world  be  not  mere 
modifications  of  one  power,  but  are  rather  distinct  and  different  faculties  of  the 
soul,  we  may  be  as  certain  that  each  of  them  has  its  own  special  means  of  mam- 
festation,  as  we  are  that  smell,  sight,  hearing,  taste  and  touch  have  theirs. 
Vide  my  quotation  from  Valentin,  Annot.  766.    R.  W.] 

"^^  Among  the  mere  hypotheses,  I  place  the  older  notions  in  regard  to  the 
function  of  the  pineal  gland,  the  pituitary  gland,  &c. 

*^^  See  Valentin's  account  of  his  experiments  on   the  carpus  caBottmt,  in  his 
~^  'iertorhan  for  1841,  p.  358.     Symptoms  of  irregularity  and  of  rotation  in  the 
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§  36S.  The  influence  of  the  central  parts  of  the  nervous  system 
upon  the  automatic  motions  is  remarkable.  The  action  of  the 
heart  appears  to  be  influenced  in  the  greatest  degree  by  irritation 
of  the  anterior  aspect  of  the  upper  part  of  the  spinal  chord  and 
medulla  oblongata ;  but  some  experiments  seem  to  assure  us  that 
the  motory  nerrous  fibres  of  the  heart  also  extend  into  the  cere- 
brum* **.  Motions  of  the  stomach  were  observed  along  with  irrita- 
tion of  the  cerebellum,  corpora  quadrigeminay  thalamic  and  corpora 
striata.  On  irritating  the  anterior  columns  of  the  spinal  chord 
through  their  whole  extent,  the  medulla  oblongata,  the  hemispheres 
of  the  cerebeUum,  the  corpora  quadrigemina,  the  thalami,  and  corpora 
striata,  peristaltic  motions  of  the  small,  and  also  of  the  great,  intes- 
tines have  been  observed  to  take  place.  Powerful  contractions  of 
the  rectum  also  ensued  upon  excitement  of  the  parts  above  men- 
tioned, and  of  the  posterior  portions  of  the  cerebral  hemispheres. 

movements  occurred  when 'the  part  was  injured  beyond  the  middle  line,  but 
not  regularly^  and  never  with  any  force. 

*  ^  <>  On  this  and  the  following  facts  see  Budge,  1.  c,  and  the  observations  of 
Valentin  on  his  conclusions  in  the  Repertorium  for  1841,  p.  325.  Budge  infers 
that  the  motory  fibres  of  the  heart  terminate  in  the  anterior  part  of  the  medulla 
oblongata,  before  the  arresting  fibres  of  the  cerebellum  cross  or  influence  them. 
But  Valentin,  from  repeated  experiments,  found  that  mechanical  irritation  of  the 
medullary  mass  of  the  anterior  lobe  of  the  cerebrum,  above  the  centrum  ovale 
Vieussenii,  and  of  the  anterior  part  of  the  lateral  ventricle,  occasioned  contrac- 
tions of  the  heart  generally,  but  particularly  of  the  auricles.  [These  and  other 
statements  in  the  last  paragraph  ought  to  satisfy  us  that  there  is  no  necessity  to 
suppose  that  any  motory  fibres  of  the  heart,  stomach,  and  bowels,  extend  to 
the  corpora  quadrigemina,  thalami,  and  corpora  striata.  Every  integral  part  of 
the  nervous  system  is  affected,  through  affections  of  any  one  part.  The 
hemispheres,  it  is  said,  may  be  removed  without  the  motory  power  being 
affected ;  but  the  sentiment  of  fear, — the  causes  for  which  are  solely  appre- 
hended through  the  hemispheres — unhinges  the  whole  muscular  system,  so  that 
the  limbs  totter  and  refuse  their  office ;  ill  news  which  we  receive  through 
the  ear  or  the  eye  indifferently,  make  the  heart  to  suspend  its  action,  and  the 
cheek  to  blanch ;  certain  odours  make  us  faint,  &c.  Motion  is  a  very  important 
faculty,  certainly ;  but  it  seems  absurd  to  be  looking  for  its  immediate  instru- 
ments everywhere.  Another  conclusion  that  forces  itself  upon  us  in  reading 
these  accounts  of  mutilations  of  the  brain  is  this:  that  they  are  incompetent  to 
lead  to  a  single  safe  and  satisfactory  physiological  inference ;  or  if  any  exception 
must  be  made,  it  is  in  connection  with  the  functions  of  the  anterior  and  posterior 
roots  of  the  spinal  nerves.    R.  W.] 
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The  urinary  bladder  contracted  when  the  cerebellum,  and  particu- 
larly the  crura  cerebelli,  the  valvula  Vieussenii,  and  the  corpora 
quadrigemina,  are  irritated.  The  iniSuence  of  the  central  parts 
upon  the  motions  of  the  genital  organs  is  also  remarkable.  Irritation 
of  the  left  hemisphere  of  the  cerebellum  and  processus  vermi- 
formis,  induces  motion  in  the  right  vas  deferens,  testis.  Fallopian 
tube,  and  half  of  the  uterus,  and  vice  versa**'.  From  these  experi- 
ments it  appears  that  the  automatic  motions  of  the  organs  just 
named  are  £U3  dependent  on  the  brain  and  spinal  chord  as  are  the  muscles 
of  animal  life,  and  that  the  primitive  fibres  of  the  sympathetic  nerve, 
passing  through  the  spinal  chord  and  pons,  are  in  connection  with 
the  brain,  and  particularly  its  base.  Some  portion  of  the  motory 
fibres  of  the  intestines,  however,  must  reach  the  crura  cerebri, — 
they  do  not  all  enter  the  cerebellum.  In  this  way  is  the  influ- 
ence of  the  central  parts  upon  the  organic  functions,  as  well  as  the 
reciprocal  reflex  actions  of  both  in  connexion  with  mental  emotions, 
explicable. 

§  366.  It  would  appear  that  the  presence  of  the  cerebro-^pinal 
fluid  in  due  quantity  was  quite  essential  to  the  due  performance  of 
their  functions  by  the  brain  and  spinal  chord.  This  fluid  is  met 
with  both  in  warm  and  cold  blooded  animals.  Underneath  the 
bony  coverings,  betwixt  the  pia  mater  anji  tunica  arachnoidea,  the 
whole  of  the  spinal  chord,  nervous  roots  included,  is  literally  sur- 
rounded by  this  fluid  ;  farther,  it  covers  the  surface  of  the  hemis- 
pheres, and  collects  particularly  in  all  the  depressions  and  inequali- 
ties, an  arrangement  by  which  the  brain,  cerebellum,  and  medulla- 
oblongata,  are  all  alike  kept  slightly  apart  from  their  bony  coverings, 
and  the  effects  of  shocks  upon  the  delicate  nervous  centres  are 
lessened,  at  all  events.  The  cerebro-spinal  fluid  can  be  drawn  off* 
in  animals ;  to  the  operation  succeed  muscular  debility,  and  blunting 
of  all  the  senses ;  which  are  only  of  temporary  continuance,  how- 
ever, for  they  disappear  with  the  reproduction  of  the  fluid  which 
takes  place  very  rapidly'**. 

>  ^  7  Valentin  says  that  joung  animals  must  not  be  taken  for  this  experiment. 
When  the  subjects  are  sexually  mature,  or  are  in  heat  at  the  time,  the  Tasa 
deferentia  and  Fallopian  tubes  exhibit  very  powerful  peristaltic  motions.  During 
and  after  intercourse,  similar  movements  take  place  as  reflexions  (§  37  and  38.) 

•  *  •  Magendie  has  directed  the  particular  attention  of  physiologists  to  this 
fluid  [which  he  has  thought  worthy  of  consideration,  in  a  respectable  sized  4to, 
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General  Remarks  on  tlie  Functions  of  the  Great  Nervous  Centres, 

§  367.  The  great  centres  of  the  nervous  system  unite  or  com- 
bine the  functions  performed  by  its  various  and  dissimilar  parts 
into  an  harmonious  whole.  From  them  are  sent  forth  by  the  chan- 
nel of  the  centrifugal  fibres  the  behests  of  the  will  in  reference  to 
voluntary  motions,  and  they  are  no  less  necessary,  as  we  have  seen, 
to  the  performance  of  reflected  movements,  the  stimuli  to  which 
attain  the  centres  by  the  route  of  the  incedent  or  centripetal  fibres. 
It  is  in  the  central  parts  and  even  exclusively  in  the  hemispheres,  as 
it  would  seem,  that  consciousness  of  impressions  is  attained.  The 
feelings  of  pleasure  and  pain,  in  alternations  of  which  our  whole 
life  is  passed,  only  exist  along  with  integrity  of  the  hemispheres. 
The  nerves  in  their  centripetal  organs  of  sensation  are  mere  con- 
ductors of  external  impressions.  The  most  important  conductors, 
which  make  us  acquainted  with  the  existence  and  properties  of  the 
external  universe,  are  the  nerves  of  the  senses,  which  have  conse- 
quently particular  parts  of  the  brain  in  connection  with  them. 
These  parts  are  situated  towards  the  middle  line  of  the  base  of  the 
brain  especially,  and  are  covered  by  the  commissures  and  hemis- 
pheres, with  which  they  E^t^nd  in  the  most  intimate  anatomical  and 
physiological  relationship.  The  organic  vital  processes  are  also, 
altliough  it  may  be  somewhat  more  remotely,  imder  the  dominion 
of  the  central  nervous  masses,  as  we  have  already  seen,  so  that  the 
soul  stands  in  a  more  or  less  intimate  relationship  to  the  entire 
phenomena  of  the  somatic  life.  The  integrity  of  the  psychological 
phenomena,  again,  is  essentially  dependent  on  an  harmonious  com- 
bination of  the  whole  of  the  physical  vital  processes.     The  more 

volume,  illustrated  with  plates:  Considerations  on  the  cephoHo'rachidian  flmd^ 
&c.,  Paris,  1843.  R.  W.]  This  fluid  in  question  is  not  wanting  in  man ;  I 
have  found  it  in  large  quantity,  especiaUy  in  the  bodies  of  persons  who  had  died 
suddenly.  It  is  very  easy  to  procure  it  from  the  living  animal ;  the  muscles  at 
the  back  of  the  neck  are  divided,  and  a  puncture  is  made  between  the  atlas  and 
occiput  through  the  connecting  ligament  and  investing  membranes;  it  oflen 
springs  out  in  a  stream.  The  disturbance  which  follows  the  abstraction  of  the 
fluid  may  readily  be  referred,  as  Valentin  has  done,  to  the  change  in  the  physical 
state-— diminished  pressure  upon  the  nervous  centres — which  must  immediately 
-ensue. 

4  A 
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particular  consideration  of  these,  and  the  study  of  the  disturbances 
they  suffer  from  disease,  are  evidently  within  the  scope  of  the 
general  and  applied  physiology,  which  it  is  our  purpose  to  discus 
particularly,  in  a  separate  Book. 


SECTION  IV. 


OF  MOTION. 


Preliminary  Observations, 

§  368.  The  peculiar  motions  of  the  matter  which  constitutes 
organic  bodies  are  distinguished  from  external  physical  motions 
by  this,  that  they  only  occur  as  phenomena  accompanying  life. 
Som6  of  these  phenomena  of  motion  are  not  only  most  intimately 
associated  with  the  nervous  system,  but  also  with  the  soul ;  for  by 
an  act  of  the  will  we  can  call  them  into  play.  To  this  category 
belong  the  voluntabt  motions.  Wherever  we  see  these  motions 
occurring,  we  encounter  a  particular  ti^ue  as  their  immediate 
agent,  a  tissue  which  is  universally  known  under  the  name  of 
MTJSCULAB  TISSUE,  or  flesh,  the  intimate  structure  and  properties 
of  which,  are  forthwith  to  occupy  our  particular  attention  ;  at  the 
same  time  that  we  take  occasion  to  consider  a  few  of  the  most  im- 
portant combined  muscular  movements.  The  motions  which  are 
characterized  as  involuntary  or  automatic,  are  also  in  major 
part  effected  by  means  of  muscular  tissue ;  but  the  tissue  of  involun- 
tary muscles  differs  histologically  from  that  of  voluntary  muscles. 
The  muscular  tissue  also  passes  by  inappreciable  degrees  into  other 
forms  of  contractile  fibrous  tissue,  so  that  it  is  difficult  to  define  its 
limits  precisely.  Other  motions  of  a  peculiar  kind,  and  independent 
to  all  appearance  of  the  muscular  or  contractile  system,  have  lately 
been  discovered,  and  are  now  generally  spoken  of  under  the  title  of 
ciliary  motions.  These  motions  seem  farther  to  be  abstracted  for 
the  most  part  from  the  direct  influence  of  the  nervous  system,  which, 
although  remotely,  is  still  manifestly  enough  in  connection  with  the 
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involuntary  muscular  movements.  There  are  other  motory  phe- 
nomena which  occur  in  the  very  lowest  grades  of  animal  life  especially 
and  may  be  assimilated  to  the  ciliary  motions.  These  movements 
we  can  only  allude  to  in  this  place^  from  their  being  rather  subjects 
pertaining  to  the  General  Physiology,  which  embraces  the  con- 
sideration of  the  primary  phenomena  of  motion  and  the  laws  of 
organic  nature  at  large. 


.  CHAPTER  I. 


OF  MUSCULAR  MOTION  IN  GENERAL. 


Structure  of  Muscles. 

§  369.  The  muscular  tissue  is  distinguished  from  all  the  other 
contractile  tissues,  although  there  be  no  very  definite  line  of  demar- 
cation between  it  and  them'**.  It  is  for  the  most  part  of  a  red, 
reddish-brown,  yellowish,  or  white  colour ;  the  shade  in  any  case 
being  due  to  the  tint,  and  greater  or  less  abundance  of  a  peculiar 
pigmentary  matter,  which  enters  into  its   constitution*  •°.     It  is 

^^9  y^Q  |)2|ye  a  great  many  microacopical  researches  into  the  muscular  tissue. 
It  was  very  loug,  however,  before  observers  could  agree  upon  a  very  few  particu- 
lar poiots ;  and  even  at  the  present  time,  almost  all  that  can  be  said  is,  that  we 
all  admit  a  certain  class  of  muscles,  the  constituent  fibres  of  which  are  streaked 
across,  and  another  class,  the  fibres  of  which  are  continuous,  and  marked  by  no 
kind  of  striae.  With  reference  to  the  arrangement  of  the  ultimate  elements, 
some  difierence  of  opinion  still  prevails,  and  we  cannot  allow  ourselves  to  con- 
sider the  accounts  we  have  of  the  appearances  observed  as  otherwise  than 
hypothetical.  Weber's  Hildebrandt  contains  the  older  literatuie  upon  this 
subject.  Henle  in  his  Soemmerring  is  very  full  on  the  matter,  as  is  Mandl  also, 
Anat,  Miscropiquey  Hire  Utfraison,  1838.  Among  the  latest  researches,  are  those 
ofSkey,  PhUos.  Trans^  1837,  of  Bowman  particularly,  (i&.  1840,)  and  of  Henle, 
{S&emmer.<t  p.  573).  ■  The  histological  elementary  works  of  Bruns,  Rrause,  Grer- 
ber,  and  to  conclude,  the  article  muscle,  by  Valentin,  in  the  Berlin  JEncyclop. 
of  Medical  Science^  voL  24,  p.  203,  contain  all  that  is  known  on  the  subject. 

^^  In  man,  and  the  greater  number  of  the  vertebrata,  the  muscles  arc  red ;  the 
majority  of  the  bony  fishes,  however,  have  white  or  yellow  flesh ;  in  a  few,  n^ver* 
theless,  the  flesh  is  of  a  pretty  deep  red,  as  in  the  tunny. 
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soft,  and  for  the  most  part  easily  torn.  It  is  very  obviously  made 
up  of  bundles  of  fibre,  which  show  a  kind  of  special  sensibility  to 
the  galvanic  stimulus.  When  boiled,  muscular  fibre  does  not 
undergo  any  very  remarkable  change,  it  yields  but  little  gelatine 
to  boiling  water* •'. 

§  370.  Taking  the  first  and  most  obvious  microscopical  cha- 
racters as  our  guide,  true  muscular  fibres  may  be.  divided  into  two 
principal  kinds  or  varieties.  1^^,  Simple  unstreaked  or  oi^nic  mus- 
cular fibre ;  and,  2dy  Compound,  streaked,  or  animal  muscular  fibre. 

The  first  kind,  or  muscular  tissue  of  organic  life,  consists  of 
smooth,  cylindrical,  and  generally  pale  coloured  fibres,  arranged 
parallel  to  one  another,  and  forming  bundles,  which  are  connected 
by  means  of  cellular  tissue,  but  are  still  of  great  delicacy,  most 
easily  lacerable,  and  appear  to  be  without  sheaths.  This  kind  of  mus- 
cular fibre  is  principally  met  with  in  the  internal  hollow  parts  of  the 
body,  as  in  the  stomach,  intestines,  and  bladder,  where  they  are 
highly  developed.  The  fibres  observed  in  the  excretory  ducts  of 
the  larger  glands,  the  gall  ducts  for  instance,  those  that  enter  into 
the  constitution  of  the  parietes  of  the  veins,  and  that  are  found  in 
the  septa  of  the  penis  [scrotum],  and  clitoris,  also  appear  to  belong 
to  the  same  genus* ' '.  The  finest  or  ultimate  fibres  of  the  muscle  of 
organic  life,  measure  about  the  TvWth  of  a  line  in  diameter ;  they 

'"^  We  are  in  some  sort  obliged  at  this  time  to  include  these  physiological 
and  chemical  characters,  in  the  definition  of  tme  muscular  tissue.  [Dr.  John 
Davy  has  many  highly  interesting  observations  on  the  action  of  boiling  water, 
and  of  long  boiling  on  the  textures  of  the  human  body,  which  require  a  particular 
reference  like  everything  else  which  this  distinguished  physioloj^t  has  touched. 
Vide  his  Researches  Anatomical  and  Physiologieal,  vol.  ii,  p.  313.   R.  W.] 

^^  Among  the  voluntary  muscles,  cross-streaking  seems  to  &il  only  in  the 
retractors  of  the  penis  and  clitoris,  and  constrictors  of  the  vagina,  [muscles, 
which,  if  they  obey  the  will  at  one  time,  seem  also  to  act  independently  of  it  at 
another.  I^r.  Gulliver  sometimes  found  fibres  of  the  voluntary  muscles  entirely 
without  transverse  streaks.  In  the  pectoral  muscle  of  the  long-eared  bat, 
(Plecotus  auritus,)  for  instance,  most  of  the  fibres  were  observed  to  be  simply 
very  minutely  and  irregularly  granular,  and  quite  destitute  of  transverse  streaks. 
See  Gerber*s  Anatomy^  Note,  p.  235.  This  observation  would  seem  to  support 
the  opinion  of  Wagner,  (Note,  p.  648,)  that  the  striated  appearance  is  rather 
connected  with  a  contracted  state  of  the  fibres,  than  with  the  arrangement  of 
the  beads  or  discs  of  which  the  finest  or  ultimate  fibres  are  said  to  be  composed. 
R.  W.] 
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are  always  isolated  with  much  difSculty,  and  are  not  susceptible  of 
farther  analysis  by  the  microscope. 

2d,  Compound  or  streaked  muscular  fibres.  These  form  the 
great  mass  of  the  muscular  system.  They  are  more  especially  dis- 
tinguished by  the  red  colour  which  so  commonly  belongs  to  nluscular 
flesh,  and  occur  almost  without  exception  in  yoluntary  muscles, — 
those  of  the  eye,  internal  ear,  tongue,  velum  palati,  greater  part  of 
the  (Esophagus,  diaphragm,  and  sphincters,  all  belong  to  the  streaked 
class.  The  muscular  fibres  of  the  heart,  however,  are  also  cross- 
streaked,  in  spite  of  the  distinguished  position  of  the  organ  in  the 
system  of  organic  life ;  the  sttim  are  fainter  here,  indeed,  than  in 
tiie  ordinary  yoluntary  muscles,  but  they  are  still  decided  enough* 

Cross-streaked  muscular  fibres  are  by  no  means  confined  to  the 
higher  vertebrata,  they  occur  in  many  members  of  the  invertebrate 
series,  such  as  insects  and  crabs,  and  in  others  still  lower  in  the  scale 
than  these***.  In  various  animals,  again,  possessing  very  decided 
powers  of  voluntary  motion,  nothing  but  simple  unstreaked  muscu- 
lar fibres  are  encountered.  It  may  be  said  generally,  that  the  cross- 
streaked  muscular  fibres  pertain  to  the  system  of  animal  life,  the 
simple  or  unstreaked,  to  that  of  organic  or  vegetative  life ;  that  the 
former  are  developed  from  the  serous,  the  latter  from  the  mucous 
lamina  of  the  germinal  membrane. 

§  371.  Observers  are  by  no  means  agreed  as  to  the  morphological 
cause  of  the  cross-streaking  of  the  voluntary  muscular  fibre ;  it  is, 
indeed,  extremely  difficult  to  give  a  decided  opinion  upon  the  sub- 
ject; there  is,  in  fact,  another  point  involved  in  the  conclusion 
come  to,  viz.  whether  the  primitive  muscular  fibres  are  simple,  and 
even,  and  delicate  filaments,  or  consist  of  moniliform  or  bead-like 
series  of  discs  or  globules.  Upon  this  subject  we  have  two  pre- 
dominating views.  According  to  one  of  these,  primitive  muscular 
fibres  consist  of  moniliform  bands,  and  the  cross-streaking  is  nothing 
more  than  the  optical  expression  of  this  histological  fact — the  suc- 
cessive rows  of  discs  lying  parallel  to  one  another,  give  the  appear- 

^'^  They  are  very  beautifully  seen  in  iusects.  I  have  lately  observed  them  in 
the  meduBS  (Icon,  Zoatonuy  Tab.  zzziii).  Eschricht  saw  them  in  Salpa,  so  that 
delicacy  of  organization,  and  even  tnmsparency  of  substance,  is  no  hinderance  to 
their  development.  Worms,  snails,  and  polypes  appear  to  possess  simple  unstria- 
ted  muscles  only.     See  my  paper  in  Muller*s  Archiv^  f.  1835. 
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ance  of  transvere  striae.  According  to  the  second  class  of  observers, 
the  primitive  fibres  of  the  cross-streaked  muscles  are  as  smooth  and 
continuous  in  themselves^  as  those  of  the  muscles  of  the  organic 
life ;  the  transverse  marking  they  conceive  is  clue  to  the  presence  of 
a  delicate  transversely  wrinkled  sheath  which  unites  the  primitive 
fibres  into  fasciculi ;  in  the  opinion  of  other  observers  the  sheath  is 
wrapped  spirally  around  the  bundles,  and  can  even  be  unwound 
from  them***. 

§  372.  The  following  points  can  be  made  out  with  tolerable  cer- 
tainty in  the  microscopical  examination  of  the  transversely  streaked 
muscular  fibre,  which  may  be  assumed  as  the  tissue  in  its  highest 
state  of  development.  The  muscular  fasciculi  of  the  anatomist,  the 
larger  bundles,  manifest  to  the  naked  eye  and  separated  from 
one  another  by  distinct  sheaths  of  cellular  substance,  are  readily 
separable  into  a  series  of  finer  and  finer  fasciculi,  which  are  spoken 
of  as  the  muscular  fibres.  These  fibres  are  from  ^Vth  to  T^th  of  a 
line  in  diameter,  of  a  prismatic  shape,  three,  four,  and  five  sided, 
and  of  very  various  length  in  different  muscles,  for  they  appear 
generally  to  run  through  the  whole  of  the  muscle  from  its  origin 
to  its  insertion,  without  undergoing  division  or  suffering  interruption. 

^^  Schwann  and  MiiUer  are  the  principal  advocates  for  the  first  of  the  viewa 
above  detailed ;  for  the  second,  Lauth,  Jordan,  Erause,  Bnins,  and  others,  and 
at  a  former  period,  Valentin  and  myself.  Henle  is  doubtful,  as  are  also  Valentin 
and  I  at  this  time,  without,  however,  participating  in  the  opinion  of  Schwann 
and  MUller.  Mandl  admits  a  scarcely  perceptible  spiral  band,  similar  to  the 
spiral  filament  of  the  traches  of  insects.  For  the  rest,  Valentin,  Henle,  and 
I,  throwing  the  question  of  the  sheath  aside,  do  not  admit  the  transverse 
streaking  as  the  optical  expression  of  a  moniliform  structure  of  the  primitive 
fibres ;  it  rather  appears  to  us  to  be  due  to  a  notching  of  the  primitive  fibres  in 
a  state  of  partial  contraction.  [Dr.  Martin  Barry  is  the  last  English  writer  on 
the  muscular  fibre  (PhU.  Trana.^  1841).  He  regards  the  ultimate  or  finest  fibre 
as  a  spiral,  so  arranged  in  the  fascicle  as  to  produce  the  transversely  streaked 
appearance.  Bowman,  (PhU,  Tratu.  1840,)  agrees  with  Schwann  and  Miiller  in 
considering  the  transverse  striae  as  due  to  the  arrangement  of  the  discs  or  granules 
of  which  Ihey  describe  the  ultimate  filament  to  be  made  up.  The  views  of 
Barry  and  Bowman,  therefore,  as  to  the  structure  of  this  filament,  are  as  opposite 
as  possible,  and  not  to  be  reconciled ;  while  the  fact  observed  by  Gulliver,  that 
the  muscular  fibres  of  adult  animals  are  often  destitute  of  transverse  streaks, 
is  not  at  all  explicable  by  either  of  the  foregoing  opinions,  but  rather  leans  to 
that  of  Wagner,  who  supposes  the  notched  appearance  of  the  fibres  to  be  due  to 
a  partially  contracted  state  of  them.    R.  W.] 
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A  variable  number  of  the  fibres  now  described,  go  to  constitute  the 
muscular  fasciculi ;  but  they  are  by  no  means  the  ultimate  elements 
or  fibres  into  which  the  muscular  substance  can  be  separated. 
When  a  small  portion  of  a  fresh  muscular  fibre  from  the  body  of 
man  or  an  animal  is  viewed  with  a  power  of  from  200  to  300  linear, 
the  focus  being  delicately  adjusted  to  the  superficies  of  the  speci- 
men, delicate,  somewhat  sinuous,  transverse  strise  which  extend 
completely  across  the  fibre,  come  into  view.  These  striae  run 
{>arallel  to,  and  at  the  distance  of  from  the  T^th  to  the  TTAnrth  of  a 
line  from  one  another ;  they  bear  a  certain  resemblance  to  the  lines 
on  the  volar  aspect  of  the  extremities  of  the  fingers"'*.  If  the  sur- 
face only  of  a  muscular  fibre  be  examined  by  an  aplanatic  eye-piece, 
without,  at  the  same  time,  penetrating  more  deeply,  nothing  but 
transverse  striae  are  perceived ;  but  if  the  focus  of  the  microscope 
be  set  somewhat  lower  than  the  surface,  then  divisions  in  the 
length  of  the  fibre,  as  well  as  across  it,  present  themselves,  and 
the  more  deeply  the  eye  penetrates,  the  more  distinctly  do  these 
longitudinal  parallel  striae, — the  optical  expression  of  the  primitive 
fibrils,  come  into  view,  whilst  the  transverse  striae  disappear.  Pri- 
mary or  ultimate  muscular  fibres  may  be  exhibited  isolatedly,  by 
means  of  slight  maceration  and  teasing  out  with  needles.  They  are 
excessively  delicate  filaments,  no  more  than  lo'ooth  of  a  line  in 
diameter,  pretty  even  in  their  surface,  and  not  properly  articulated. 
[The  moniliform  appearance  of  single  muscular  fibrils,  however, 
has  generally  presented  itself  to  me  very  distinctly  of  late :  as  the 
instrument  is  coming  into  focus,  the  fibril  presents  itself  literally  as 
a  string  of  delicate  rounded  beads,  distinct  from  one  another;  the 


sa 


^  [According  to  Bowman  and  Gulliver,  the  size  of  the  fibres  differs  con- 
siderably  in  different  muscles  and  in  different  animals,  and  even  in  the  same 
animal  at  different  periods  of  existence.  The  size  of  the  transverse  streaks,  or 
of  the  distance  between  them,  is  likewise  so  variable,  that  Gulliver  particularly 
mentions  fine  and  coarse  transverse  markings,  mostly  distinct  in  magnitude,  and 
not  running  by  imperceptible  gradations  into  each  other.  These  two  kinds  of 
marking  sometimes  occur  in  the  same  muscle,  but  more  firequently  in  different 
muscles  of  the  same  animal.  In  the  common  swift  (Hirundo  apus),  for  example, 
the  transverse  streaks  were  observed  to  be  coarser  and  plainer  in  the  muscles  of 
the  leg  than  in  the  pectoral  muscles,  a  curious  fact,  when  the  relative  exercise  of 
the  wing  and  leg  of  this  bird  is  considered.  The  most  extensive  series  of  mea- 
surements which  we  possess  of  the  fibres  of  different  muscles,  and  of  these  fibres 
in  different  classes  of  animals,  arc  given  by  Gulliver. — See  Proceedings  of  the 
Zoologieal  Society,  Sept.  1839.    R.  W.] 
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focuB  is  obtEuned,  and  it  is  a  pretty  even  thread,  but  etUl  obrioiiBlf 
made  up  of  darker  and  lighter  portions ;  the  focua  is  paased,  and  it 
ia  again  reeolyed  into  a  string  of  delicate  cornelian  beads.  B.  W.] 
The  presence  of  any  sheath  the  wrinkling  of  which  might  produce 
the  appearance  of  streaking,  the  cavity  described  by  some  writers 
as  occupying  the  middle  of  the  muscular  fibres,  around  wUch  the 
primitive  fibrils  are  supposed  to  be  arranged,  the  actual  form  of  tlte 
primitive  fibrils,  and  so  forth,  are  all  so  many  points  which  at  the 
present  time  are  subjects  of  speculation,  and  not  susceptible  of 
demonstration'  *  * . 

***  I  have  here  been  purpose!;  extremely  guarded  io  my  expreuioiLB,  and 
described  no  more  than  can  be  demonstrated  to  and  seen  bj  every  one.  Tbe 
more  we  eiamine,  the  more  difficult  do  we"  perceive  it  to  be  to  speak  decidedlj 
in  r^;ard  to  the  ultimate  or  elementary  parts  of  the  tissues.  I  shall  beic,  in 
the  Ireedom  which  the  DOtc  allows  me,  pursue  the  controverted  iubject  of  dw 
elementary  structure  of  muscular  tissue  a  little  further  than  I  have  done  in  die 
text  Id  fig.CCXXXI.  we  have  a  fresh  muscular  fasciculus  of  the  ox,  ^Ih  of 
Fio.  CCXXXI.  a   line   in  thickness,   represented   as    it  is  described 

above,  and  as  it  may  be  seen  by  every  tyro  in  ibt 
art  of  microscopical  observation.  The  upper  eitre- 
mity  of  the  bundle  exhibits  transverse  striz  oalj; 
bnt  they  appear  to  ftil  here  and  there,  and  these  gspi 
aeem  aa  if  they  separated  fibrils  or  bundles  of  fibres  si 
some  little  distance  &om  one  another;  the  opposite M 
lower  end  of  the  fasciculus,  on  the  contrary,  shows 
nothing  but  longitudinal  stris  or  prinutive  fibrils,  so 
etfect  which  is  entirely  due  to  the  focussing  of  the 
microscope.  At  the  place  where  the  muscular  bundle 
is  torn  through  (inferiorly)  a  scalifbrm  a|^>eatance  is 
;  perceived  very  beautifiUly  brought  out  by  the  diSer- 
/  ent  layers  of  the  primitive  filirils,  which  have  con- 
tracted again  in  different  degrees  after  yielding  to  ibe 
tearing  force ;  in  the  middle  of  the  specimen  tbe  microa- 
ccq)e  is  so  fbcussed  that  transverae  and  longitudinsl 
I  striK  are  perceived  at  the  same  time ;  here  the  GitiMr. 
j  there  the  latter,  more  distinctly,  according  to  iIk 
I  diS^Dce  of  level  of  tbe  snrftce  of  the  fibre  exsmined. 
Tbe  transverse  strin  are  in  a  general  way  extrentd; 
COTistant,  and  a  highly  chaTBcleristic  itidicatioD  of  tbt 
muscular  fibre  of  animal  life,  so  that  the  smaUest 
portion  of  a  nnscle  belonging  to  this  system  is  *t 
once  recognised  under  tbe  microscope  by  theb  yrt- 
sence.     The  transverse  stric,  however,  become  ei- 
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VUal  JEndowmenU  of  the  Muscular  7H»stie. 

§  372.  AU  miiscular  tissue,  the  orosa-etreaked  as  well  as  that 
which  is  without  transTerae  markings,  possesses  the  remarkable  pro- 
perty of  Bhortening   under  the  influence  of  internal  or  external 


treoielj  biot  uoder  maoy  circamstances ;  iu  bodiei  with  verj  toft  or  flabbj 
muBcles,  and  in  very  jrouQg  animals,  for  example ;  but  even  here  they  are  oftra 
ver;  distinct,  and  are  readily  studied  in  the  living  larva  of  the  fit^,  near  to 
the  Bpinal  column  in  the  tail.  Thej  are  very  distinct  in  boiled  and  roaited 
meat,  and  in  muscle  that  has  been  macerated  in  spirit,  (Fig.  CCXXXII, 
CCXXXllI,  B.)  in  which,  indeed,  they   often  present  IhemselTes  aa  abso. 


Fio.  ccxxxn. 


FiQ.  ccxxxnr. 


Pio.  CCXXXII.  — Structure 
of  human  muscle;  a  portion  of  the 
attollens  auriculie,  which  had  been 
long  kept  io  spirit.  A,  A  number 
of  primary  muscular  fasciculi, 
magnified  about  200  diametera. 
B,  A  single  fasciculus  more  highly 
magnified.  C,  Some  fibres  of 
cellular  tissue  interposed  between 
the  muscular  fasciculi. 


Fia.  CCXXXIII.— Mus- 
cularflbre,  after  Skey.  {Phi- 
loi.  Tram.,  1 837.)  A,  Fibra 
MuBcularis — I  irmitivemns- 
cular  faaeiculus.  Superiorly 
the  primitive  fibres  are 
separated  &am  each  other ; 
the  globules  are  blood-disra 
to  serve  as  standards  for 
the  estimation  of  their  di- 
ameter. B,  A  primitive 
muscular  fibre,  to  show 
how  the  transverse  striz 
[  are  produced,  and  that 
they  may  be  severally  seen 
aa  elevations. 
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Stimuli     At  one  time  it  woe  presumed  that  thia  motility  of  the 
muscles   depended   oa  a  peculiar  inherent  irritability,  which  was 


lute  tnmaverfe  rugK,  with  latenl  notchingi,  so  that  we  should  be  tcij  ifti  to 
■nppote  that  a  peculiar  sheath  enveloped  the  muacular  bondlea,  a  soppontioa 
wtuch  gains  Btrength  from  the  fact,  that  towarda  the  tnm  eodi  of  the  spedmeo, 
the  primitive  6briU  are  often  aeen  free,  isolated,  and  without  aa;  appearance  of 
croM-barriog  (Fig.  CCXXXIU.  A.)  On  the  other  hand,  however,  we  frequeoilj 
recognise  the  tmnaverse  streaking  upon  the  tereral  isolated  primitive  fibrils  (F^. 
CCXXXIV,  A  and  B.)  It  would  seem  that  transverse  sections  ought  to  sapplj 
the  surest  grounds  for  conclunons ;  but  no  such  thing  as  a  sheath  can  eva  with 
certainty  be  shown  in  the  circumference  of  the  muscnUr  fibres,  however  fnpued 
by  hardening,  &c.  [Very  good  views  of  transverse  sections  of  muscular  flbra 
are  given  bj  Bowman,  who  has  also  plainly  and  truly  depicted  the  sheath,  or 
■screolemma,  aa  he  terms  it,  of  the  fibres.      In  tact,  this  sheath  may  often  be 


Fia.  CCXXXIV. 


FiO.  CCXXXV. 


Fw.  CCXXXIV.— Two 
primary  muscular  Isscimli 
from  the  dorsal  muscle) 
of  a  rattle-anake,  which 
had  been  long  kept  in  ipi- 
rits.  At  *  and  *  fine  fibra 
are  seen  distinctly  bron^ 
into  view  by  separating  the 
muscular  bundles ;  ibe; 
seem  each  to  consist  of 
aeveral  primary  or  nlthnsie 
flbics.  B,  Two  of  these 
fine  filaments,  seen  onder  s 
powerof  800,  which  eibibil 
CToaamar  kings.  Thesinaou 
filament  is  cellular  tissue. 

Fia.  CCXXXV.  — A,  A 
bundle  of  fibres  without  eroa 
■trisE,  firom  the  muscle  iriiKb 
closes  the  shell  of  Unio  pcto- 
mm.  fi,  A  muscular  busdle 
without  cross-streaking  ttxn 
the  Distoma  dnplicatom.  C, 
The  same  bundle  thrown  inu 
zig-zags  at  the    moment  <« 
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designated  muscvlab  iabitability,  and  r^arded  as  among  the 
number  of  foudamental  organic  forx^es.     But  more  recently  that 

acea  «ritb  great  diBtinctneM  in  the  perfectly  fresh  muBclei  of  tb«  lower  vertebrate 
koiiiuk,  in  the  eel,  for  instODce.  R.W.]  Those  observers,  who,  with  Skey,  Valen- 
tin, and  others,  admit  a  canal  in  the  interioTof  the  muscular  Iksciculi,  arrive  at  this 
conclusion  mainly  fhjm  theexsminationof  very  recent  mascular  tissue,  the  bundles 
of  which  when  cut  across  frequently  spread  out,  or  show  a  disposition  to  become 
everted.  Id  their  entire  circumference,bjwhichakindofAinnel-8haped  aperture  is 
produced.  I  have  not,  an;  more  than  Henle,  been  able  to  satisfy  myself  of  the 
presence  of  any  such  cuial  in  the  muscular  fibre  of  man  and  the  vertebrsta, 
although  I  will  not  say  {wsitively  that  it  does  not  occur;  and  indeed,  it  is  curious 
that  I  entertain  no  doubt  of  such  a  structure  as  that  just  mentioned  being  con- 
stantly present  in  the  cross-streaked  muscular  fibres  of  the  medusa:.  See  my 
paper  on  the  structure  of  Pel^a  noctilncs,  1841.  The  medullary  matter  which 
Henle  found  in  the  centre  of  the  muscular  fibres  after  trea^ng  them  with  acetic 
acid,  I  cannot  help  conuderii^  as  due  in  part,  at  least,  to  the  chemical  agency  of 
the  acid.  All  artificial  methods  of  prepsration,  such  as  maceration,  the  addition  of 
reagents,  &c.,  employEd  to  bring  out  themoniliform  structure  of  the  primitive  fibrils 
are  objectionable ;  we  dare  not  draw  any  ptositive  inferences  from  the  appearances 
presented  after  such  treatment ;  indeed,  the  farther  we  advance  in  histology,  we 
see  ever  the  more  clearly  that  the  most  important  results  are  still  obtained 
fh>m  observations  made  on  parts  in  the  freshest  state  possible,  without  the  use 
of  reagents  of  any  kind,  care  beit^  taken  merely  to  separate  tissues  mechaiwcally, 
and  to  St  them  for  inspection,  by  adding  a  little  slbnnen  ovi  or  serum  sanguinis 
to  tbem.  Prochaska  has  given  good  representations  of  the  coarser  elements  of 
the  muscles, — the  aggT^jation  of  the  muscular  fasciculi,  &c., — Dt  eomt  mateu- 

Fio.  CCXXXVt. 


Fio.  CCXXXVI.— Muscular  fi- 
bre fh>m  the  icsophagua,  about  three 
inches  below  the  phsrynr,  to  show 
the  UDion  of  muscular  fibres  of  the 
animal  (a,  a,)  and  of  the  organic 
(6,  6)  life,  after  Skey.  B,  Plan 
figure  of  the  spiral  fibre,  which, 
according  to  some,  surrounds  the 
pri  mary  muscular  bsciculi,  and  gi  ves 
the  appearance  of  cross -streaking. 
After  Mandl,  Anat  Microteop. 
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view  has  obt^ued  very  extensive  accredance,  acconfing  to  which, 
the  motoiy  power  of  the  muscles,  or  rather  the  occurrence  of  motioii 
among  their  particles,  on  the  application  of  a  stimulus,  is  by  no 
means  peculiar  to  the  muscles,  but  the  capacity  is  entirely  derived 
by  them  from  the  nerves.  And,  indeed,  it  plainly  appears  frtan 
experiment,  that  muscular  contraction  is  immediately  dependent  on 
tibe  nervous  system ;  when  the  nerves  which  proceed  to  muscles 
are  stimulated,  contractions  of  these  muscles  are  immediately  induced 
(9  237).  It  is  true,  indeed,  that  the  direct  application  of  a  stimulus 
to  a  muscle  is  followed  by  the  same  phenomenon ;  bat  it  would  seem 
that  this  is  only  in  consequence  of  the  muscle  contaimng  nervous 
fibres.  If  any  small  parcel  of  muscular  fibres  be  freed  very  com- 
pletely fr>om  its  nervous  substance,  it  ceases  to  react  on  the  ap[Ji- 
eatioQ  of  stimuIL  The  most  powerful  stimulus  in  reference  to  the 
cross-streaked  muscular  fibre  is  the  galvanic,  and  this  is  the  one 
that  is  employed  in  preference  to  any  other  in  the  course  of  our 
experiments ;  but  it  is  otherwise  with  regard  to  the  muscular  fibre 
of  automatic  life,  upon  wUch  the  direct  application  of  mechanical 

lari,  VioiD.  1778.  The  iutinute  itractare  u  escelleDtlj  dispUyed,  both  b; 
Bowman  and  Henle,  u  also  in  tbe  accompanying  figora.  I  particulaiiy  recom- 
mend the  muacular  eknteuta  vt  the  donal  veaael  or  heart  of  Scolopendn  &r  tbe 
•tudy  of  the  natural  reaolution  of  the  miucnlar  fiwciculi  into  fihrea,  and  at  tbeir 
tennlnatioD  in  daatic  tissue.    (Vide  Fig.  CCXXXVU.) 

Fio.  ccxxxvn. 


1  Fto.  ccxxxvn.— 
A  piece  of  a  oing- 
■haped  iDDfcIe  froai 
the  Scolopendrm  dfra 
inserted  at  *  ■  •  into 
tbe  dorsal  veuel  of  tlie 
insect.  Tbe  tnuiaition 
of  the  striated  mm- 
cular  &sc:iciili  into  a 
net  of  elastic  tissue  ii 
ver;  beauliftilly  dis- 
played. 
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and  chemical  stimuli  appears  to  produce  a  more  powerful  effect  than 
galvanism*'^. 

§  373.  Muscular  contractions  are  either  tonicy  t.  e,  they  continue 
for  some  considerable  tilne,  or  they  are  clonic,  i.  e.  they  are  rapidly 
succeeded  by  relaxations.  Clonic  contractions  are  frequently  spo- 
ken of  under  the  name  of  convulsions.  These  phenomena  are  most 
intimately  connected  with  the  state  of  the  nervous  system.  Slight 
and  passing  stimulation,  the  direct  action  of  stimuli  upon  the  peri- 
pheral parts  of  the  nervous  system,  for  example,  stimuli  applied 
after  separation  of  the  nerves  from  the  central  parts,  excite  clonic 
contractions  only,  as  may  be  seen  in  simple  experiments  with  any 
kind  of  galvanic  apparatus,  (§  243).  These  clonic  contractions  or 
muscular  convulsions  are  by  so  much  the  more  extensive  and  power- 
ful, the  stronger  the  galvanic  stimulus  is  itnder  the  influence  of  which 
they  are  excited.  Tonic  spasms,  such  as  we  observe  in  tetanus, 
appear  always  to  be  effects  of  reflex  actions, — at  least  they  never 
occur  save  in  connexion  with  the  influence  of  the  central  parts  of  the 
nervous  system.  We  can  therefore  excite  tonic  contractions  by  the 
agency  of  the  will,  and  we  have  too  frequently  occasion  to  see 
them  aroused  under  the  influence  of  a  peripheral  stimulus  acting 
upon  the  central  parts, — as  in  traumatic  tetanus. 

§  374.  Many  other  phenomena  exhibited  by  the  muscular  system 


^  The  HaUerian  doctrine  of  irritability  has  been  very  oommonly  abandoned 
in  these  times.  Humboldt,  Jo.  MOlIer,  Valentin,  and  others,  have  sought  by 
experiments  to  show,  that  HaUer's  muscular  irritability  was  nothing  more  than 
nervous  irritability,  and  that  the  nerves  themselves,  when  separated  from  the 
bnun  and  spinal  chord,  soon  lose  their  power  of  conducting  stimuli  to  the 
muscles,  and  causing  them  to  contract,  (vide  §  241).  Stannius  has  very  lately 
reasserted  a  proper  irritability  for  the  nerves — ^Froriep's  Notizenfur  Sept.,  1841. 
The  criticism  of  these  views  belongs  to  the  General  Physiology.  [It  has 
always  appeared  tome  a  needless  refinement  in  physiological  views,  to  refuse  pro- 
per irritability  to  the  muscuUur  fibre.  Undoubtedly  unless  the  muscular  fibre  form 
a  part  of  the  liring  organism,  unless  it  be  duly  supplied  with  nerves,  and  with 
blood  as  well  as  nerves,  and  be  maintained  at  a  proper  temperature,  being  duly 
supplied  both  by  blood  and  nerves,  it  soon  ceases  to  manifest  any  faculty  of  con- 
traction ;  but  surely  the  nerves  are*  still  only  the  medium  by  which  the  muscles 
receive  the  dictates  of  the  will  to  contract  or  to  remain  at  rest :  the  nerves  convey 
the  stimulus  necessary  to  the  excitement  of  contraction,  but  not  the  immediate 
contractile  force  which,  upon  every  principle  of  sound  physiology,  must  be  held 
to  belong  to  the  muscular  fibre  itself,— or  wherefore  is  it  there  ?    R.  W.] 
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have  also  their  primary  cause  in  the  nervous  system.  To  this 
must  probably  be  referred  what  we  call  muscular  tone,  that  state 
of  tension  of  the  muscles  during  life  which  is  so  different  in  differ- 
ent muscular  parts,  and  under  different  circmnstances.  Tone  is,  ia 
fact,  but  an  inferior  degree  of  contraction  in  the  muscular  system 
generally,  independent  of  consciousness  and  of  will,  and  only  dis- 
appears with  the  extinction  of  life.  The  natural  state  of  various 
muscular  parts  is  even  this  tonic  state, — the  sphincters  of  the  anus 
and  bladder  are  always,  save  at  the  brief  periods  of  defsecation  and 
micturition,  in  a  state  of  powerful  contraction.  The  musdcB  have 
always  a  much  higher  tone  during  watching,  than  during  sleep ;  and 
in  circumstances  of  danger  and  difficulty,  the  whole  muscular  sys- 
tem is  in  a  state  of  exaggerated  tension.  In  the  soundest  sleep, 
however,  the  tone  of  the  voluntary  muscles  is  much  greater  than  it 
becomes  in  many  diseases, — the  last  stages  of  nervous  fever,  for 
example,  in  which  patients  seem  literally  to  sink  together  in  their 
beds.     Paralysis  of  the  muscles  also  depends  on  the  nerves'*'. 

§  375.  The  grouping  and  disposition  of  the  muscles  are  most 
intimately  connected  with  their  functions,  with  the  form  and  wants 
of  the  organism,  and  consequently  with  the  nervous  system  at 
large.  The  muscular  system  of  man  and  animals  is  so  arranged, 
that  one  group  of  muscular  fibres  and  entire  muscles  act  as  antago- 

^"^  Phynologisto  are  not  yet  agreed  as  to  the  cause  of  the  cadaTeric  rigidity ; 
whether  it  is  to  be  ascribed  to  an  active  contraction  of  the  muscles,  or  to  a 
change  in  the  state  of  their  constituent  principles,— coaguhition  or  condensation 
of  their  substance,  &c.    From  the  numerous  observations  of  Sommer,  De  9^gmt 
mortem  honania  db*olutam  mdusanHbtis^  Havn^  1833,  (Henle,  Op,  Cit^  p.  59^), 
cadaveric  rigidity  appears  never  to  occur  sooner  than  sixty  minutes,  Hor  later  than 
seven  hours  after  death.    Beyond  all  doubt,  stagnation  and  change  in  the  blood 
of  the  capillary  vessels  of  the  muscles  must  have  some  influence  in  the  pheno- 
menon in  question.     The  intimate  dependence  of  the  muscles  on  the  central 
nervous  parts  appears  by  the  diiSerences  in  their  tone  in  syncope,  in  alarm, 
under  the  influence  of  spirituous  liquors  in  diflerent  doses,  &c.    Painters  and 
statuaries  have  long  seen  the  necessity  of  attending  to  this  circumstance  in 
their  works ;  the  form  and  disposition  of  the  trunk  and  extremities,  the  whole 
physiognomy  of  the  body,  is  different  in  one  asleep,  drunk,  and  dead.   [If  para- 
lysis of  the  muscles  often  depend  on  an  affection  of  the  nerves,  still  it  does  not 
so  invariably ;  the  supply  of  blood  cut  ofi"  firom  the  muscles,  the  nerves  being 
entire,  is  followed  by  paralysis;  inflammation  of  the  musculsf  substance  is 
accompanied  by  paralysis,  &c.     R.  W.] 


MUSCULAR    CONTRACTION.  657 

nists  to  other  groups  and  particular  muscles,  and  maintain  them  in 
their  state  of  equilibrium.  Hence  we  have  systems  of  flexors  and 
extensors,  of  adductors  and  abductors,  of  sphincters  and  levators  or 
relaxers,  circular  fibres  and  longitudinal  fibres,  etc.  In  the  ordinary 
state,  each  system  possesses  a  medium  tone ;  or  otherwise,  one  of 
them  is  somewhat  superior  to  the  other.  In  morbid  states,  spasms 
and  contractions  supervene,  and  these  are  apt  to  end  in  exhaustion 
and  paralysis.  Muscular  movements  in  health  always  take  place 
on  one  or  both  sides  of  the  body,  in  suchwise  that  definite  general 
motions,  having  specific  ends,  result,  and  this,  whether  the  motion 
be  voluntary  or  involuntary,  whether  it  be  performed  with  conscious- 
ness or  without  it.  The  same  law  obtains  in  regard  to  all  instinctive 
movements  ;  it  holds  good  in  reference  to  decapitated  animals,  to 
the  motions  of  the  embryo,  etc**". 

§  376.  The  muscular  substance  itself  is  immediately  concerned 
in  all  those  actions  which  we  shall  comprise  under  the  head  of 
MECHANICS  OP  MUSCULAR  MOTION,  and  shall  treat  of  in  detail, 
in  the  following  Chapter.  Here,  the  local  efiects  of  the  muscles 
appear  immediately  connected  with  the  direction  in  which  the 
contraction  of  their  fibres  takes  place,  which  in  its  turn  is  deter- 
mined, and  often  greatly  modified  by  the  points  of  attachment  of 
the  muscle  that  is  active,  as  also  by  the  combined  action  of  portions 
or  of  the  entire  masses  of  other  muscles.  Every  individual  muscle 
is  in  itself  an  active  and  entire  organ,  each  of  its  several  fasciculi, 
however,  having  its  own  functions.  When  we  expose  the  large 
muscle  of  an  animal,  or  when  in  such  an  operation  as  the  extirpa- 
tion of  a  mamma  in  the  human  subject,  we  have  a  broad  muscle 
like  the  pectoralis  major  laid  bare,  we  perceive  the  play  of  the 
particular  muscular  fasciculi,  which  seem  to  move  in  some  sort  like 
the  keys  of  a  piano-forte. 

§  377.  The  motions  of  the  finest  elements  of  the  muscles  is  of 
peculiar  importance,  and  only  to  be  observed  under  the  microscope. 
The  best  subjects  for  observation  here,  are  small  invertebrate  animals, 
which  may  be  brought  either  in  major  part,  or  wholly  under  the 
microscope* '°.     Two  principal  acts  seem  to  go  on :    1^^,  Slight  and 

"*^  See  farther  on  these  topics,  the  Third  Section  of  this  Book. 
^°  Small  crastaceans,  and  particularly  the  transparent  larvae  of   insects 
which  are  so  generally  to  be  found  in  stagnant  ponds  and  ditches,  are  excellent 
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somewhat  undulatorj  wrinklings  pass  over  the  whole  of  the  mngcu- 
lar  surface,  at  the  same  time  that  the  fibrils  appear  to  oscillate  and 
to  tremble.  In  the  cross-streaked  mnsclesy  the  transverse  markings 
become  more  distinct  at  these  times,  and  formal  elevations  and 
depressionsi  or  projections  and  notchings  are  perceived**^,  ^d^  Lar- 
ger or  more  decided  bendings  occur,  in  con8e()uence  of  which,  the 
muscular  fibres  and  fasciculi  acquire  a  zig-zag  disposition,  (Fig. 
CCXXXV,  C,)  and  become  distinctly  shorter — they  shorten  from 
a  fourth  to  a  third  of  their  entire  length.  These  ^-zagings, 
which  are  more  pronounced  as  the  contraction  of  the  muscle  is 
more  energetic,  extend  from  the  larger  to  the  smaller  fasciculi*'*. 
The  precise  mode  in  which  the  primitive  fibrils  stand  affected  under 
these  circumstances,  cannot  be  determined  by  direct  observation. 
They  seem  always  to  partake  in  the  zig-zag  disposition  of  the 
coarser  fasciculi ;  whether  or  not  they  contract  to  any  greater 
extent,  and  of  themselves,  is  unknown.  We  are  certdn  of  this 
much,  however,  that  no  change  occurs  in  their  substance—in  the 
state  of  their  molecular  aggregation**'.     Experiments  have  satia^ 

subjecta  for  observation.  I  have  never  seen  the  zig-zag  markings  more  beauti- 
fully displayed  than  in  the  muscles  of  the  tail  of  the  distoma  duplicatuni,.a 
suctoiy  intestinal  worm  which  lives  as  a  parasite  on  the  common  iiresh-water 
muscle  (Anodonta),  (Fig  CCXXXV,  B,  C).  The  muscles  here  have  no  trans- 
verse striae. 

^'*  By  this  we  can  also  explain  wherefore  the  cross  streaking  should  be  so 
beautifully  seen  in  the  muscles  of  animals  that  have  been  preserved  in  spirits,  it 
may  be  for  many  years. 

^*  I  have  obaerved  these  bendings  so  strongly  marked,  in  distoma  daplicatum, 
among  other  subjects,  that  the  angles  which  are  generally  obtuse,  here  passed 
into  absolutely  right  angles. 

""  Many  accordant  experiments  force  us  to  abandon  the  old  notion  of  the 
muscles  occupying  less  space  in  a  state  of  contraction  than  in  one  of  repose. 
Ermann,  in  particular,  showed  that  the  water  sunk  in  a  graduated  tube  to  so 
inconsiderable  an  extent  during  the  contraction  of  a  muscle,  that  it  could  not 
be  estimated.  [My  able  friend,  Mr.  T.  Wharton  Jones,  has  lately  given  a  new 
view  of  the  cause  and  mechanism  of  muscular  contraction.  Assuming  Mr.  Bow- 
man's conclusions  on  the  structure  of  muscular  fibre  to  be  correct,  viz.  that  it 
consists  of  a  series  of  pieces  in  the  form  of  discs,  not,  however,  immediately 
adherent  to  each  other,  but  held  together  by  an  intervening  substance,  so  yield- 
ing and  elastic  as  to  admit  of  veiy  close  approximation  of  the  discs  to  each  other, 
or  of  their  separation  to  a  certain  extent,  he  regards  these  discs  as  analogous 
in  their  nature  to  electro-magnets ;  and  proposes  to  call  them  neuro-magnetti 
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fied  118  that  the  nmecokr  power  is  mverselj  as  the  degree  of  con- 
traction. Every  muscle  has  its  greatest  power  in  its  normal  length ; 
at  the  extent  of  its  contraction  its  force  is  reduced  to  zero"'^.  In 
repose,  the  fasciculi  and  prinutive  fibres  resume  their  straight 


inasmuch  as  the  relation  of  the  nervous  influence  to  them  appears  to  be  essentially 
the  same  as  that  of  the  galvanic  influence  to  the  soft  iron  forming  common 
eleictro-magnets.  The  neuro-magnetic  discs,  th«i,  composing  muscular  flbre, 
of  microscopical  minuteness,  are  arranged  so  as  to  operate  on  each  other  at 
very  short  distances  only,  and  therefore  with  great  power — a  power  which,  as  in 
other  cases  of  attraction,  goes  on  to  augment  in  a  rapidly  increasing  ratio,  as 
the  discs  approach  each  other.  By  the  multiplication  of  the  neuro-magnets  in 
the  linear  series  constituting  a  muscular  fibre,  due  though  limited  extent  of 
motion  is  obtained ;  and  according  to  the  number  of  linear  series  arranged  side 
by  side  in  a  muscle,  so  is  the  power  of  that  muscle.  The  primitive  fibrils  of  the 
nerves  are  disposed  in  loops  across  the  muscular  fibres,  not  coiled  round 
the  neuro-magnets  as  the  conducting  wire  is  around  electro-magnets  when 
much  electro-magnetic  force  is  required.  But  this  is  not  a  diflcrence  in  princi- 
ple, it  is  merely  one  of  arrangement ;  the  nervous  influence  streaming  along  the 
primitive  fibrils  of  the  nerves,  thus  disposed  in  loops  across  the  muscular  fibres, 
communicates  to  the  peuro-magnetic  discs  composing  these  fibres,  a  magnetic 
state  in  the  same  way  that  the  galvanism  conducted  by  the  wires  of  electro- 
magnets does  to  the  soft  iron  of  which  these  magnets  are  composed ;  by  virt^pe 
of  the  magnetic  state  which  the  ncuro-magnetic  discs  of  muscular  fibre  thus 
acquire — ^some  directly,  some  by  induction — they  attract  each  other :  and  this 
constitutes  contraction  of  the  muscular  fibre.  The  stream  of  nervous  influence 
being  arrested,  the  magnetic  state  of  the  neuro-magnetic  discs  of  the  muscular 
fibres  ia  for  the  time  suspended,  and  so  relaxation  of  the  muscles  takes  place  by 
the  discs  being  allowed  to  separate  fix>m  each  other  as  far  as  their  intervening 
substance  will  permit.  According  to  the  view  now  propounded  of  muscular 
contraction,  the  force  with  which  it  takes  place  must  be  greater  towards  the 
end  than  at  the  beginning  of  the  iaction.  This  is  quite  contrary  to  the  conclusion 
arrived  at  by  Schwann  fi'om  his  carefiilly  conducted  experiments  on  muscular 
motion.  But  Schwann  erred  in  applying  to  muscular  fhre  what  he  ascertained 
in  regard  to  certain  enixre  muscles,  in  which  the  component  fibres^e  variously 
grouped  and  arranged  in  conformity  with  the  duties  the  muscle  has  to  perform. 
For  the  muscle  having  to  overcome  a  greater  resistance  when  it  begins  to  act 
than  afterwards,  a  greater  number  of  fibres  are  so  disposed  as  to  come  into  play 
at  the  commencement — a  smaller  number  at  the  end  of  its  action.  Vide  Land, 
Med.  Gazette,  Oct.  22nd,  1843.    R,  W.] 

^^  Schwann  made  some  accurate  experiments  upon  fi*ogs,  in  connection  with 
this  subject.  Vide  Muller*B  Physiol,  vol.  ii.  p.  59,  et.  seq.,  and  also  Valentin 
and  Henle  (Op.  CtV.),  as  well  as  the  earlier  and  very  valuable  experiments  of 
Prevost  and  Dumas,  in  Magendie^s  Journal^  vol.  iii. 

4  C 
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direction  and  everything  like  marked  wrinkiing  diflappears,  but  they 
still  preserve  a  slight  degree  of  sinuosity,  perchance  in  virtue  of 
their  inherent  elasticity  or  tonicity. 

§  378.  As  already  observed,  the  muscular  motions  fall  naturally 
into  two  great  physiological,  and  in  part  also,  anatomical  groups, 
viz.,  VOLUNTABY  and  INVOLUNTAKY.      1st,  Voluntary  muscular 
motions  are,  for  the  major  part,  effected  in  vertebrate  animals  by 
means  of  cross-streaked  muscular  fibres.     Muscles  of  this  class  may 
be  regarded  as  the  most  perfect,  and  have  this  peculiarity,  that  by 
exercise  they  increase  both  in  power  and  bulk ;  they  are,  therefore, 
susceptible  of  education.      From   this   it    also   becomes   possible 
to  isolate  particular  musdes,  and  groups  of  musdes,  antagonists  to 
one  another,  or  of  which  the  actions  proceed  in  a  kind  of  preordered 
harmony  dependent  on  the  nervous  system.     And  on  the  other 
hand,  we  succeed  in  compelling  particular  muscles,  and  groups  of 
muscles,  which  anatomically  are  either  entirely  unconnected,  or 
are  very  imperfectiy  connected  to  simultaneous  combinations  of 
their  activity.  Those  muscles  that  are  seldom  or  never  exercised,  obey 
the  mandates  of  the  will  very  slowly  and  imperfectiy,  and  totally  n^* 
leeted,  many  lose  the  capacity  of  contracting  entirely, — this  happens, 
for  example,  very  constantiy  with  the  muscles  of  the  external  ear. 
(§  299)' '•,  2rf,  Automatic  oe  involuntary  musculab  motions, 

^^  Dexterity  in  the  greater  number  of  haDdicrafts,  or  mechanical  trades,  is 
entirely  due  to  practice  or  exercise,  under  the  influence  of  which,  certain  mna- 
cular  actions  come  to  be  performed  with  unusual  rapidity,  accuracy,  and  har- 
mony. The  more  compound  the  motions,  the  greater  the  degree  of  rapidity 
necessary  to  their  execution,  the  earlier  and  the  more  incessant  must  the  exer- 
cise have  been  where  perfection  is  attained.  Of  course,  the  greatest  diversities 
occur  among  individuals  and  kinds,  in  reference  to  muscular  actions.  The 
humau  infant  has  to  learn  by  slow  degrees  every  motion  it  performs,  and  walk- 
ing with  uncertain  steps  is  hardly  acquired  within  a  year  or  eighteen  months 
from  birth,  whilst  the  chick  and  many  mammals — the  pig,  the  calf,  the  lamb, 
stand,  walk,  or  run,  almost  from  the  moment  they  see  the  light.  How  slowly 
and  imperfectly  do  the  motions  of  the  fingers  go  on  in  beginners  on  the  piano 
and  violin,  of  the  feet  in  young  dancers,  &c.  At  first,  too,  the  attention  is  too 
exclusively  fixed  upon  the.  several  acts  of  the  necessary  motions.  By  and  by,  the 
will  and  the  motion  constitute  but  a  single  act.  Muscles  that  are  not  exercised 
seem  to  require  a  much  larger  amount  of  volition  to  bring  them  into  play,  and 
their  contractions  follow  very  slowly ;  of  this  every  one  may  satisfy  lumself^  by 
trying  to  make  the  palmaris  brevis  contract.  There  are  naturally  certain  limits 
to  the  influence  of  exercise  upon  the  isolation  and  combination  of  certain  mus- 
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save  in  the  case  of  the  heart,  are  ahnost  always  connected  with 
muscles  and  muscular  fibres  that  are  not  cross-streaked*'".  They 
are  incapable  of  any  improvement,  and  are  all  apparently  the  results 
of  reflected  actions.  The  motions  of  the  heart,  respiratory  organs, 
intestinal  canal,  and  the  excretory  ducts  of  glands,  belong  to  this 
category.  The  will  has  no  kind  of  influence  upon  some  of  these 
motions  (those  of  the  heart  and  intestines),  although  passions  and 
emotions,  and  intellectual  operations,  influence  them  in  a  very 
marked  manner.  In  breathing,  again,  and  the  various  motions 
associated  with  the  act,  such  as  laughing,  sneezing,  yawning,  etc., 
the  will  has  an  imdoubted  influence ;  by  a  strong  act  of  the  will, 
they  can  even  in  some  measure  be  suspended  or  prevented  from 
taking  place.  In  connection  with  such  acts  we  have  cross-streaked 
muscular  fibres  coming  into  play.  Certain  instinctive  motions 
seem  to  stand  in  the  middle,  between  voluntary  and  involuntary 
motions*  •'. 


CHAPTER  II. 

OF  THE  COMBINED  VOLUNTARY  MOTIONS. 

Of  Locomotion, 

§  379.  The  first  requisite  to  the  locomotion  of  man,  is  the  power 
to  maintain  the  body  erect.     Mammalia,  in  general,  can  neither 


cular  motions,  the  grounds  of  which  lie  in  determinate  mechanical  or  organic 
conditions,  as,  for  example,  among  the  muscles  of  the  eye.  (Vide  §  327,  and 
Annotation). 

"^  A  long  array  of  pathological  influences  may  also  arouse  automatical  move- 
ments in  voluntary  muscles,  a  fiuniliar  instance  of  which  we  have  in  cramps, 
spasms,  &c.    Here,  the  motions  ^re  reflected. 

^^  To  this  head  belongs  the  sucking  movements  of  the  new-bom  mammiferous 
animal,  movements  which  are  performed  in  a  very  remarkable  manner 
among  certain  mammals, — the  marsupialia, — by  the  extremely  minute  and 
almost  rudimentary  embryo.  Farther  details  bearing  upon  the  subjects  of  this 
paragraph,  belong  by  rights  to  the  General  Physiology.    The  prime  cause  of  all 
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stand  upright^  nor  walk  npon  the  two  hinder  extremitieB:  In  the 
human  subject^  the  head  in  the  erect  position  is  beautifully  bakiioedy 
immediately  under  its  centre  of  gravity,  upon  the  atlas  or  first 
vertebra  of  the  neck*'*.  The  foramen  magnum  consequently 
lies  much  farther  forwards  in  the  base  of  the  skull,  than  in  any 
other  creature.  Even  in  the  highest  members  of  the  monkey  tribe, 
as  in  all  other  animals,  the  foramen  magnum  is  placed  so  far  back,  that 
it  presents  backwards  in  firont  of  the  horuEontally  disposed  vertebral 
colunm,  BO  that  it  is  only  the  powerfiil  ligamentum  nuchas,  aad 
posterior  muscles  of  the  neck,  that  prevent  the  head  firom  fidt 
ing  forwards  and  downwards,  which  its  natural  gravity  constantly 
inclmes  it  to  do.  In  man,  on  the  contrary,  the  natural  tonicity  ci 
the  muscles  which  connect  the  head  with  the  spine,  suffices  to 
balance  the  head  upon  the  top  of  the  vertebral  column,  and  the 
slightest  excess  of  action  in  one  or  the  other  set  of  these 
muscles,  inclines  it  to  this  side  or  to  that ;  for  in  consequenoe  of 
the  elevated  position  of  the  centre  of  gravity,  the  head  has  always 
a  disposition  to  fall  over  to  one  or  the  other  side,  or  to  drop  forwards 
or  backwards.  The  head  and  neck  together  can  be  bent  forwards  or 
backwards,  about  75°,  and  to  either  side  firom  45**  to  50°  from  the 
perpendicular  line ;  the  head  consequently  ci6i  be  rotated  through 
about  the  fifth  part  of  a  circle'**.  With  the  neck  the  head  forms 
a  two  armed  lever,  the  posterior  and  shorter  arm  being  represented 
by  the  occiput,  the  anterior  and  longer  arm  by  the  sinciput  and 
face. 

In  standing  erect,  the  weight  of  the  body  is  transmitted  perpen- 
dicularly to  the  feet,  which  rest  on  the  ground  by  the  point  of  the 
heel-bone,  and  the  fore  ends  of  the  metatarsal  bones,  particularly 
those  of  the  great  and  little  toes,  as  also  by  the  points  of  the  toes 

the  circumstances  alluded  to,  inheres  od  the  nervous  system.  Vide  the  Third 
Section  of  this  Book. 

*^  By  fsr  the  most  important  work  we  possess  upon  locomotion,  is  that  hy  the 
Mothers  W.  and  £.  Weber^I^  Ph^Holcgy  of  Looomolien^Mecheamk  dor 
MenschUchen  Gehwerkzeuge^  Svo,  Gottii^i  1S86,  from  which  I  have  drawn 
freely  in  this  and  the  next  succeeding  paragraphs. 

"9  Vide  Krause*8  MamuU  qf  AnaUmy^  3nd  ed.,  p.  461,  to  which  adminUe 
work  I  beg  particularly  to  refer  in  connexion  with  the  actions  of  the  miMolot, 
both  seyera^y  and  conjointly. 
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in  general  The  lower  extremities  are  the  props  upon  which  the 
body  rest&  The  place  of  the  centre  of  gravity  of  tJie  whole  body 
appears  to  lie  a  few  lines  above  the  pubic  arch,  therefore  somewhat 
above  the  transverse  axis  of  the  heads  of  the  thigh  bones,  which 
are  the  points  of  support  of  the  trunk.  The  pelvis  itself,  with  the 
thighs  fixed,  represents  a  double  armed  lever,  whose  fiilcra  are  in 
the  heads  of  the  thigh  bones  inclosed  by  the  acetabula. 

The  vertebral  column,  when  the  body  is  erect,  and  at  rest,  is 
naturally  sinuous,  making  without  the  slightest  action  of  the  mus- 
cles two  curves  forwards,  and  two  backwards.  But  as  the  vertebral 
column  from  the  weight  of  the  masses  attached  to  it  anteriorly, 
particularly  the  viscera  of  the  thorax  and  abdomen,  is  inclined  to 
yield,  or  beaidforwards;  the  great  mass  of  the  posterior  spinal  muscles 
is  in  a  permanent  state  of  contraction.  The  muscles  around  the 
acetabula  would  require  notiiing  beyond  the  ordinary  tonicity  to 
maintain  the  trunk  upright ;  but  the  mere  rhythmical  contractions 
of  the  heart,  and  especially  the  motions  of  respiration,  alter  the  centre 
of  gravity  every  instant,  so  that  even  in  the  attitude  of  the  most 
perfect  repose,  the  muscles  have  to  be  kept  in  a  certain  state  of 
action — the  muscles  which  keep  the  spine  erect,  act  rhythmically 
and  alternately  with  the  muscles  of  respiration.  The  rotators  of 
the  thigh  outwards^  and  several  other  muscles,  counteract  the  trunk 
in  its  disposition  to  fall  forwards  *^°.  The  flexors  of  the  thigh,  and 
some  of  tiie  extensors  of  the  leg,  again,  oppose  the  trunk  when  it 
tends  to  fall  backwards'^'.  The  muscles  of  the  inferior  extremity 
at  large,  indeed,  of  the  leg  and  foot,  as  well  as  of  the'thigh,  come 
into  play  in  preserving  the  centre  of  gravity.  In  this  way  we 
account  for  the  fatigue  that  is  experienced  from  long  continued 
standing,  and  the  necessity  of  infiuits  learning  to  stand,  as  they 
learn  to  speak.  The  centre  of  gravity  may  be  thrown  notably 
backwards,  or  forwards,  as  it  is  in  balancing  the  body  in  different 
positions  on  one  foot,  or  on  both  of  the  feet.  The  perpendicular, 
however,  must  never  fall  beyond  the  bounding  line  of  the  foot  that 
is  planted  on  the  ground.     The  same  law,  in  fact,  obtains  here,  as 

B^  To  this  number  belong  the  glutaeus  mazmins,  pyriformia,  obturator  inter- 
nus,  gemelli,  quadratus  femoris,  and  adductor  magnus. 

*^^  To  this  list  belong  the  psoas  magnus,  iliacus  intemus,  adductor  longus 
and  brevis,  pectinseus,  rectus  femoris,  sartoiius,  and  gracilis. 
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in  reference  to  the  leaning  towers  which  are  met  with  in  some  parts 
of  Europe,  the  centres  of  gravity  of  which,  of  course,  always  fall 
within  the  bases  upon  which  they  stand. 

§  380.  The  faculty  of  walking  is  connected  immediately  with 
the  property  which  llie  two  lower  limbs  have  of  swinging  back- 
wards and  forwards  from  the  trunk  like  a  couple  of  pendulums. 
The  construction  of  the  hip-joint  is  of  course  a  matter  of  the  highest 
moment  in  this  act ;  the  pendulous  limb  must  move  in  its  socket 
with  the  least  amount  of  firiction  possible.  Experiments  have  shown 
that  the  pressure  of  the  atmosphere  suffices  to  keep  the  head  of  the 
thigh  bone  in  the  aur-tight  acetabulum ;  in  other  words,  the  weight 
of  the  atmosphere  pressing  upon  the  lower  limb  upwards  and 
inwards,  aequiponderates  the  weight  of  the  limb.  The  lower  extre- 
mities are  consequently,  and  in  fact,  kept  in  their  places  by  the 
same  force  which  supports  the  mercury  in  the  tube  of  the  barome- 
ter*^*. The  extremities  upon  which  the  trunk  is  balanced,  are 
articular  props,  which  by  means  of  the  hip,  knee,  and  ankle,  and 
other  inferior  articulations,  can  be  bent  into  a  zig-zag,  and  thereby 
lengthened  and  shortened.  The  trunk  in  the  act  of  progression 
may  be  compared  to  a  rod  balanced  upon  an  axis  that  passes  through 
the  two  hip-joints.  The  body  in  this  act  must  therefore  be  in 
every  way  analc^ous  to  the  rod  slightly  inclined  forwards,  with 
which,  balanced  upon  the  point  of  one  of  the  fingers,  we  advance. 
The  tendency  forward  is  to  overcome  the  resistance  of  the  air;  it 
is  therefore  great  in  proportion  to  the  resistance,  that  is,  in  pro- 
portion to  the  rapidity  of  the  pace,  and  the  force  of  the  wind ;  it 
becomes  as  nothing- when  a  current  of  air  from  behind'  aequiponde- 

^*  It  is  easy  to  obtain  satisfiiction  on  this  point,  upon  the  dead  body ;  let  the 
whole  of  the  muscles  and  parts  that  connect  the  thigh-bone  with  the  pelvis,  be 
cut  away ;  let  the  capsular  ligament  even  be  cleared  off  up  to  the  edge  of  the 
acetabulum,  the  head  of  the  bone  will  not  quit  its  socket.  But  let  a  small  hole 
be  now  pierced  with  a  fine  awl  firom  the  internal  pelvic  aspect  into  the  acetabu> 
lum,  the  moment  the  air  finds  an  entrance,  out  drops  the  head  of  the  bone,  and 
remains  suspended  by  its  round  ligament  only ;  let  the  head  of  the  bone  be 
replaced,  and  the  small  hole  that  has  been  made  be  covered  with  the  point  of  a 
finger,  the  limb  will  again  be  secured,  and  may  be  swung  from  side  to  side  with- 
out fear  of  falling  away,  so  long  as  the  hole  is  kept  covered;  of  course  the  finger 
being  removed  it  drops  away  again  immediately.  See  an  account  of  this  and 
many  other  experiments,  in  the  work  of  the  Webers  already  referred  to. 
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rates  the  resistance  of  that  which  is  encountered  before ;  and,  indeed, 
when  we  walk  with  a  strong  wind  behind  us,  instead  of  bending  the 
body  forwards  as  usual,  we  bend  it  in  different  degrees  back.  The 
motions  of  the  extremities  are  meantime  so  calculated,  that  they 
still  oppose  themselves  to  the  tendency  of  the  centre  of  gravity  in 
the  body,  to  sink  vertically  downwards.  Either  extremity  in  turn 
forms  a  prop,  and  with  each  step  in  forward  motion  an  incessantly 
advancing  buttress,  so  that  the  body,  in  fact,  rests  alternately  upon, 
and  is  pushed  onwards  by,  first  one  limb,  and  then  the  other.  This 
is  very  obvious  when  we  walk  slowly.  In  each  step  it  is  easy  to 
distinguish  two  periods :  first,  the  body  is  poised  upon  one  extremity, 
and  then  it  rests  for  an  instant  upon  both  extremitie&  The  ad<^ 
vancing,  say,  the  right  limb,  swings  forwards,  like  a  pendulum, 
having  undergone  a  shortening  by  about  the  ith  part  of  its  length 
from  the  flexion  of  the  knee-joint,  with  little  or  no  muscular  effort, 
inasmuch  as  we  have  seen  that  it  is  kept  in  its  place  by  the  pressure 
of  the  atmosphere.  At  the  same  moment  the  left  extremity,  by 
the  straightening  of  the  knee  and  hip-joint,  pushes  the  pelvis  and 
superimposed  trunk  so  much  forward,  that  the  whole  burthen  is 
immediately  transferred  to  the  right  extremity,  now  advanced  and 
planted  ready  to  receive  it.  It  is  only  in  very  slow  walking  that 
the  advancing  limb  completes  the  whole  of  the  arc  through  which 
it  is  capable  of  swinging,  for  the  duration  of  one  of  its  vibrations 
extends  through  Irds  of  a  second.  In  quick  walking  and  running, 
each  extremity  performs  no  more  than  half  a  vibration,  whidi 
occupies  about  half  a  second  of  time,  during  which,  the  other  ex- 
tremity has  quitted  the  ground.  The  time  during  which  each 
extremity  is  in  contact  with  the  ground  in  slow  walking,  is  about  |rd 
of  a  second.  The  longest  ordinary  step  may  equal  about  one-half  of 
the  entire  span  of  the  two  extremities.  In  slow  and  measured  walking, 
the  trunk  is  carried  erect,  and  the  body  has  its  greatest  height ;  in 
running,  the  extremities  are  more  bent,  and  the  trunk  inclined 
forwards  in  a  greater  degree,  so  that  the  height  is  considerably 
*  lessened; — the  whole  body  is  approximated  to  the  ground*^'.  In 
walking,  the  upper  keep  exact  time  with  the  lower  limbs,  being 

^'  From  Krau8e*8  admeaBurements  it  would  seem  that  the  thigh  may  be  bent 
forwards  about  130^  backwards  and  straightened  from  40^  to  60^,  about  90^ 
outwards,  and  somewhat  less  inwards. 
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swung  backwards  and  forwarda,  but  always  inversely,  or  in  oppo- 
sition as  regards  the  two  members  of  either  side  of  the  body, — with 
the  right  leg  the  left  arm  is  advanoed,  the  right  is  thrown  back ; 
with  the  left  leg  advanoed  the  right  arm  swings  forward,  the  left 
£eJ1s  back ;  in  this  way  is  the  equilibrium  of  the  trunk  maintained, 
and  that  alternate  swaying  motion  from  side  to  side  is  escaped, 
which  we  observe  when  walking  is  performed  with  the  arms  held 
dose  to  the  sides. 

§  381.  All  the  other  motions  in  space  take  place  in  accordance 
with  the  same  fundamental  principles  as  those  of  walking.  In 
running  the  body  is  balanced  essentially  in  the  same  way  as  in 
walking,  but  with  modifications  to  suit  the  particular  circumstances. 
In  walking,  for  instance,  there  is  a  distinct  limit  set  to  the  speed, 
length  of  step,  etc, — the  space  we  measure  at  each  step  must  be 
spanned  by  one  limb,  whilst  the  other  is  fixed  perpendiculariy  upon 
the  ground;  and  then  these  steps  cannot  be  repeated  with  an 
accelerating  velocity,  inasmuch  as  the  number  of  steps  in  a  given 
time  cannot  exceed  the  double  of  the  vibrations  which  the  limb  as 
a  pendulum  would  perform  in  that  time.  In  running,  however, 
we  make  at  once  more  numerous  and  longer  steps  than  we  do  in 
walking,  and  are  not  fettered  by  the  circumstances  that  restrict  us 
there,  although  we  can  also  run  slowly ;  if  we  choose,  indeed,  we 
can,  whilst  we  perform  the  motions  of  running,  make  less  speed 
than  we  can  by  quick  walking.  The  grand  difference  betwixt 
walking  and  running  lies  in  this,  that  in  running  the  feet  are  planted 
in  strict  succession,  one  after  the  other,  on  the  ground,  and  there  is 
a  particular  moment  in  every  step  when  both  feet  are  raised  firom 
the  ground  at  once,  whilst  in  walking  there  is  a  particular  moment  in 
each  step  when  both  feet  are  upon  the  ground  together, — one  is  not 
raised  until  the  other  is  planted.  The  greater  n^idity  of  motion  in 
runmng  is  attained :  Ist^  By  th^  longer  steps  that  are  taken,  the 
body  being  literally  projected  into  the  air,  and  the  space  measured 
being  thus  greater  than  the  simple  span  of  the  legs  could  accomplisL 
2d,  By  the  greater  number  of  steps  that  are  taken  in  a  given  time, 
both  legs  swinging  here  at  the  same  moment,  whilst  in  walking 
they  can  only  swing  alternately.  [In  running,  too^  the  legs  are 
shortened  by  being  much  bent  at  the  knees,  whereby  the  l^igth  of 
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the  pendulum  which  they  represent  is  lessened,  and  its  vibrations 
are  rendered  in  the  same  proportion  quicker]***. 

§  382.  In  leaping,  the  lower  extremities  act  in  the  manner  of 
articulated  levers  which  tend  to  push  the  body  upwards.  The 
body  is  momentarily  projected  from  the  ground  by  a  force  superior 
to  that  which  retains  it  there.  The  upper  extremities  are  at  the 
same  time  thrown  upwards  by  their  own  muscles,  and  so  make 
the  body  lighter  by  the  whole  amount  of  their  weight.  In  leaping, 
the  lower  extremities  are  bent  at  the  knees  and  ankles,  by  which  the 
point  of  gravity  of  the  body  is  brought  nearer  to  the  ground.  The 
sudden  contraction  of  the  extensors  then  develops  the  force  which, 
hindered  by  the  firm  ground  from  acting  downwards,  acts  upwards, 
and  raises  the  body.  The  power  is  greatly  augmented  by  the 
rapidity  of  the  muscular  contraction,  and  is  principally  acquired  by 
the  action  of  the  gastrocnemii  and  solei  muscles. 

Motions  in  Mastication  and  Deglvtitioru 

§  383.  The  articulation  between  the  lower  jaw  and  the  skull  is 
one  of  the  freest  in  the  body ;  the  jaw  does  not  only  move  like  a 
hinge,  but  can  be  carried  for  some  way  forwards,  and  to  either 
side ;  it  can  also  be  moved,  although  in  a  less  degree,  backwards. 
By  this  means  are  those  rotatory  or  grinding  motions  possible,  in 
which  the  essence  of  chewing  consists'**.  The  lower-jaw  is  a  bent 
lever,  which  has  its  fulcrum  in  the  articular  surface  of  the  temporal 
bone.'  In  repose,  the  articular  head  of  the  jaw  sits  fast  in  its 
socket ;  but  with  the  slightest  biting  motion,  such  as  is  made  when 
food  is  seized  and  held  fast  with  the  incisors,  the  lower-jaw  is  first 

'**  The  brothers  Weber  have  found  by  measurements,  that  in  running  the 
steps  are  on  an  average  thrice  as  long  as  they  are  in  walking,  and  that^the  num- 
ber of  steps  in  a  given  time  in  each  kind  of  progression  stand  to  each  other  in 
the  proportion  of  3  to  2. 

^*^  The  comparison  of  this  joint  in  the  series  of  mammalia  is  interesting ;  it 
offers  numerous  varieties,  each  of  course  in  admirable  harmony  with  the  wants 
and  mode  of  life  peculiar  to  each  animal — in  the  camivora,  in  the  ruminants,  in 
the  gnawers,  everywhere  it  is  modified.  Vide  my  observations  in  the  New 
Edition  of  Soemmerring.  The  structure  of  the  human  lower-jaw  gives  us  an 
assurance,  that  man  by  his  organization  is  fitted  to  live  alike  on  animal  and 
vegetable  substances,  or  on  a  mixture  of  the  two. 

4  D 
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depressed  lever-wise,  whereby  the  articular  head  slips  forwards ; 
but  with  the  act  of  seizure,  the  reverse  movement  takes  place,  and 
the  articular  head,  besides  tumbling  upon  itself,  slips  back  into  the 
depth  of  the  socket,  by  which  the  scissor-like  motion  of  the  incisors 
is  effected.  In  chewing  with  the  grinding  teeth,  again,  a  slight 
lateral  and  rotatory  movement  takes  place,  in  which  the  articular 
head  of  the  lower  jaw  describes  little  circles  upon  the  opposed 
articular  surface  of  the  temporal  bone.  The  act  of  mastication  is  a 
very  complicated  one,  a  great  many  muscles  contributing  to  it,  as 
well  in  reference  to  the  motions  of  the  jaw,  as  to  turning  the  mor- 
sel, and  keeping  it  continually  between  the  teeth***. 

§  384.  In  the  process  of  deglutition,  several  steps  or  acts  are 
readily  distinguished,  in  which  the  muscles  of  the  lips,  the  tongue, 
the  soft  palate,  and  the  pharynx,  are  successively  and  simultaneously 
active.  In  the  first  act  the  morsel  collected  into  a  ball  by  the 
tongue,  is  pushed  by  this  organ  backwards  and  upwards,  agsunst 
the  palate,  and  behind  the  anterior  palatine  arch.  In  the  second 
act  the  tongue  is  drawn  backwards,  and  the  glossopalatinus,  or  con- 
strictor isthmi  fauciuxn  muscle,  contracts  like  a  sphincter  behind  the 
morseL  The  larynx  meantime  is  raised,  and  the  epiglottis  by  this 
act,  and  the  bending  of  the  root  of  the  tongue  backwards  and 
downwards,  is  applied  over  the  entrance  into  the  wind-pipe,  so  that 
the  morsel  is  safely  conducted  over  it.  The  posterior  arch  of  the 
palate  (including  the  pharyngo-palatine  muscles  within  its  folds)  now 
contracts  until  its  opposite  sides  almost  touch, — a  mere  narrow  slit 
alone  remaining  between  them  ;  the  whole  upper  part  of  the 
fiEiuces  is  narrowed,  and  the  mouthful  is  pressed  continually  onwards. 
The  superior  muscles  of  the  soft  palate — tensores  veli  palatini,  and 
levatores  palati  mollis,  have,  farther,  raised  the  velum  palati  some- 
what upwards,  and  fixed  it.  The  constrictors  of  the  upper  part  of 
the  pharynx  now  push  the  morsel  into  the  oesophagus.  At  this 
point  voluntary  is  replaced  by  involuntary  motion,  and  the  third 
act  in  the  process  is  accomplished  by  the  contraction  of  the  buc- 

•46  xhe  lower  jaw  is  opened  or  separated  by  the  digastrics,  mylobyoidei,  and 
geoiohyoidei^  and  shut  by  the  masseters,  temporals,  and  internal  pterygoids ;  it 
is  moved  laterally  by  the  external  pterygoids.  These  four  muscles  are  the  pro- 
per muscles  of  mastication.  The  tongue,  the  lips,  and  the  cheeks,  by  means  of 
their  several  muscles,  push  the  morsel  between  the  teeth. 
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cessive  fibres  of  the  oesophagus,  which  follows  irresistibly  as  a  reflex 
action  in  consequence  of  the  stimulus  of  the  morsel  in  the  canal 
which  it  is  traversing.  The  will  is  not  altogether  without  influence 
upon  the  muscles  of  the  upper  part  of  the  oesophagus,  as  any  one 
may  satisfy  himself  by  experiments  in  his  own  person.  When 
swallowing  motions  have  been  made  a  few  times  in  succession 
without  food  in  the  mouth,  however,  the  power  to  continue  them 
becomes  exhausted,  and  we  must  rest  for  a  while  before  we  can 
renew  them.  The  action  of  the  oesophagus  is  totally  abstracted 
from  the  influence  of  the  wilL  The  contraction  of  its  successive 
circles  of  fibres  generally  takes  place  with  great  rapidity,  and 
insensiUy;  when  the  mouthful  that  is  swallowed  is  very  large, 
however,  the  contraction  is  more  tardy,  and  is  painful ;  a  good  half- 
minute  may  elapse  betwixt  the  time  that  the  morsel  is  received 
into  the  pharynx,  and  that  at  which  it  reaches  the  stomach*  ^\ 
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§  385.  The  morphology  or  doctrine  of  the  forms  exhibited  by 
the  respiratory  apparatus,  and  the  chemistry  of  respiration,  have 

**''  Dzondi  has  treated  the  subject  of  deglutition  with  great  perspicuity.     See 
his  work,  entitled,  The  Functions  of  the  Soft  Palate — Die  Functionen  des  toeichen 
Octtitnens,  Halle,  1831.    [The  most  complete  observations  which  we  possess  on 
the  muscular  sheath  of  the  oesophagus,  are  those  of  Mr.  Gulliver,  (^dde  Pro' 
ceedinga  of  the  Zoological  Society  for  September,  1839,  and  June  14th,  1842). 
In   man,  the  quadnimana,  some  of  the  felldae  and  viverridae,    the  seal,   the 
horse,  and  the  porpoise,  the  last  portion  or  stomachic  end  of  the  gullet  is  not 
covered  with  the  muscular  fibre  of  animal  life ;  but  this  fibre  invests  the  whole 
length  of  the  gullet,  and  sometimes  extends  a  short  way  on  the  cardiac  end  of 
the  stomach  in  the  insectivorous  fers,  the  ursidae,  ruminantia,  rodentia,  and 
in  certain  fishes ;   in  several  birds  and  reptiles,  the  muscular  fibre  of  animal 
life  forms  no  part  of  the  oesophageal  sheath.    In  the  streaked  muscular  fibres  of 
the  gullet,  Mr.  Gulliver  found  dl  the  anatomical  characters  of  the  muscular 
fibre  of  animal  life,  which  no  completely  involuntary  muscle,  not  even  the  red 
flesh  of  the  heart,  has  yet  been  found  to  possess.    If,  therefore,  we  may  judge 
of  the  motory  power  of  the  oesophagus  from  the  structure  of  its  sheath,  we  must 
conclude,  that  in  many  vertebrate  animals  the  whole  length  of  the  tube  is  capa- 
ble of  voluntary  motion,  or  something  very  like  it ;  in  several  cases,  as  in  that  of 
man,  the  lower  or  posterior  part  of  the  gullet  is  not  under  the  influence  of  the 
wUl,  while  in  others,  the  motion  of  the  entire  tube  must  be  quite  involuntary. 
R.W.] 


670  MUSCULAR    MOTION. 

already  been  fully  considered  (§  165 — 18S).  All  that  remains  for 
us  in  this  place,  is  to  take  a  particular  view  of  the  mechanical  con- 
ditions needful  to  respiration ;  for  we  see  that  the  apparatus  from 
the  beginning  to  the  end  of  life  is  in  state  of  incessant  rhythmical 
motion,  in  the  course  of  which  a  certain  measure  of  atmospheric  air 
is  taken  into  the  lungs,  and  a  certain  measure  of  air  contaminated 
with  carbonic  acid  especially,  and  loaded  with  moisture,  is  returned. 
The  first  division  of  the  act  constitutes  inspiration,  the  second,  expi- 
ration. The  rhythm  of  the  breathing  varies  greatly  at  different 
times,  and  in  different  circumstances ;  it  is  influenced  by  age,  sex, 
watching  and  sleeping,  health  and  disease,  rest  and  exertion,  etc. 
On  an  average,  an  adult  makes  about  twenty  respirations  in  a 
minute*^*.  Each  inspiration  is  followed  immediately  by  an  expi- 
ration ;  there  is  then  a  brief  pause,  after  which  follows  the  next 
inspiration,  and  so  on.  The  quantity  of  air  taken  in  at  a  breath 
varies  much  in  different  individuals ;  it  is  in  the  ratio  of  the  capa- 
city and  healthy  structure  of  the  lungs,  and  therefore  in  proportion 
to  the  stature,  the  general  power,  habits  of  exertion,  etc.,  of  the 
individual  Speaking  very  generally,  it  may  be  said  that  from  15 
to  20  cubic  inches  of  air  are  taken  in  and  rejected  from  the  lungs 
at  every  breath,  and  that  in  the  course  of  twenty-four  hours,  from 
four  to  five  hundred  thousand  cubic  inches  of  air  are  consumed'^*. 

§  386.  The  lungs  of  man  and  animals  lying  closely  applied  to 
the  walls  of  the  thorax, — no  vacant  space  being  interposed  between 

^B  'p}|Q  consideration  of  individual  varieties,  according  to  age,  sex,  state  of 
health,  &c.,  is  within  the  province  of  the  general  and  applied  physiology.  In 
the  new-bom  infant  the  number  of  inspirations  is  nearly  double  that  of  the 
adult,  consequently,  about  40  in  the  minute.  Large  mammiferous  animals,  also, 
make  fewer  respirations  than  small ;  whilst  the  whale,  according  to  Scoresby, 
takes  irom  4  to  5  breaths  in  a  minute,  the  dog,  cat,  and  rabbit  take  from  20  to 
30.  The  number,  however,  is  greatly  varied  by  external  states  and  circumstan- 
ces.— ^During  sleep  the  breathing  is  not  so  quick  by  a  third,  and  even  by  one 
half,  as  it  is  when  we  are  awake.  Burdach,  in  his  Physiology,  has  given  a  sum- 
mary of  the  statements  of  different  observers,  vol.  vi.  p.  429. 

^'  The  numbers  here  are  very  differently  stated  by  different  observers. 
Whilst  Abilgaard  estimates  the  quantity  at  from  3  to  5  cubic  inches ;  Davy 
states  it  at  from  10  to  13,  Allen  and  Pepys  at  16,  Herbst  at  from  16  to  25^  and 
Menztes  and  Bostock  at  42.  Herbst  in  a  paper  On  the  Capacity  of  the  Lu^gs 
in  HeaWty  and  Diseased  Stat&t,  published  in  Meckel*8  Archiv,  for  1828,  has 
given  a  summary  of  the  estimates  of  different  writers. 
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them — the  capacity  of  tlie  chest  must  necessarily  enlarge  during 
inspiration^  and  diminish  during  expiration.  The  lungs  themselves, 
from  the  trachea  to  the  last  vesicular  terminations  of  the  bronchi, 
are  more  or  less  distended  with  air;  they  are  never  completely 
emptied,  even  in  the  most  prolonged  or  forced  expirations ;  and 
after  death  they  still  contain  a  quantity,  which  has  been  estimated 
variously  at  from  90  to  120  cubic  inches.  From  experiments  on 
the  dead  body,  it  has  been  found  that  the  lungs  distended  to  their 
utmost  capacity,  will  contain  about  150  cubic  inches  of  air;  in 
ordinary  breathing,  therefore,  we  see  that  no  more  than  about  a 
sixth  part  of  their  contents  can  be  renewed  each  time.  The  fresh 
air  inspired,  must  of  course  mingle  with  the  air  which  is  already 
contained  in  the  lungs,  and  doubtless,  a  portion  of  that  which  has 
just  been  assumed  is  again  rejected  with  portions  of  that  which  had 
already  been  some  time  in  the  lungs.  From  this  we  perceive  that 
the  influence  of  the  air  upon  the  blood  is  of  a  continuous  or  inces- 
sant nature ;  it  is  not  a  process  that  goes  on  only  at  the  times  of 
inspiration•'^^ 

§  387.  In  man  and  the  mammalia,  the  chest  is  expanded  during 
inspiration  by  the  elevation  of  the  ribs,  and,  at  the  same  time, 
deepened  by  the  descent  of  the  diaphragm.  The  ribs,  which  have 
a  double  point-d'appui  on  the  bodies  and  transverse  processes  of 
the  vertebrae,  are  drawn  upwards  and  outwards,  by  which  their 
inferior  margins  are  partially  turned  upwards.  In  tranquil  breath- 
ing, the  diaphragm  appears  to  be  the  active  instrument  in  inspira- 
tion ;  by  the  contraction  of  its  muscular  fibres  it  is  drawn  downwards 
towards  the  abdominal  cavity;  in  expiration  it  relaxes,  and  is  pushed 
up  again  into  the  cavity  of  the  chest,  by  the  resilience  of  the  thoracic 

*'°  Ilerbst'  assumes  with  Davy,  that  after  the  greatest  expiration,  about  41 
cubic  inches  of  air  still  remain  in  the  lungs,  and  that  the  capacity  of  these 
organs  in  the  adult  male  is  between  220  and  260,  or  even  280  cubic  inches. 
He  could  not,  however,  force  more  than  about  186  cubic  inches  of  air  into  the 
lungs  taken  from  the  body  of  an  adult,  without  risk  of  tearing  them.  In  the 
lungs  of  four  persons  who  had  died  a  natural  death,  Goodwin  found  109  cubic 
inches  of  air  in  each.  All  these  statements  must  be  taken  as  mere  approxima- 
tions ;  the  process  of  respiration  proceeds  with  very  different  rates  of  rapidity  in 
different  circumstances — the  act,  always  necessary,  is  much  more  so  at  one  time 
than  another. 
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grating  and  the  action  of  the  abdominal  muscles.  In  somewhat  more 
vigorous  breathing,  the  intercostal  muscles  come  into  distinct  action*  *  *, 
raising  each  successively  lower  rib  towards  the  superior  fixed  one ;  in 
expiration,  these  muscles  relax  of  course.  The  first  pair  of  ribs,  which 
anteriorly  have  the  least  mobility  of  all  the  pairs,  but  posteriorly  enjoy 
some  greater  extent  of  motion,  require  more  powerful  muscles  both 
to  raise,  and  to  fix  them ;  the  scaleni  muscles  in  especial,  act  power- 
fully upon  them,  and  tend  to  raise  and  approximate  them  to  the 
neck.  In  very  deep  and  laborious  inspirations,  in  which  the  body 
must  be  fixed  by  being  supported  on  the  hands  in  a  sitting  posture, 
many  other  muscles  come  into  play — the  serrati  antici  majores, 
pectorales  minores,  stemomastoidei,  and  subclavii,  and,  farther,  the 
whole  of  the  muscles  that  raise  the  shoulder-blade  and  clavicle.  In 
all  respiratory  motions  the  sternum  is  moved  alternately  out  and  in, 
or  forwards  and  backwards.  Active  muscular  efforts  occur  in  expi- 
ration only  when  it  is  impeded  by'any  cause — when  there  is  some 
obstacle  to  the  escape  of  the  air  from  the  chest.  The  elasticity  of 
the  thorax  in  general  suffices  to  empty  the  lungs  to  the  extent  that 
is  necessary,  and  this  elasticity  comes  into  play  the  moment  the 
respiratory  muscles  have  ceased  to  act.  In  more  active  expiration, 
the  abdominal  muscles  are  called  into  requisition,  and  they  act 
powerfully,  as  well  by  dragging  the  edges  of  the  ribs  downwards, 
as  by  pushing  the  diaphragm  supported  upon  the  convexity  of  the 
liver  upwards  into  the  thorax'*'. 

§  388.  In  ordinary  breathing,  the  air  finds  access  to  the  lungs 
entirely  through  the  nostrils ;  so  does  it  also  when  the  breathing  is 
more  vigorous  than  usual ;  in  which  case  the  alae  nasi  are  observed 
to  be  in  constant  action,  being  powerfully  dilated  at  each  inspiration, 

"^  Besides  the  diaphragm  and  the  intercostals,  the  levators  of  the  ribs  and 
posterior  serrated  muscles  also  come  into  action  here ;  the  antagonists  of  these 
being  the  triangularis  stemi,  and  the  quadratus  lumborura. 

^'  Theile  has  proposed  it  as  possible,  that  the  two  layers  of  intercostal  mus- 
cles may  act  as  antagonists  to  each  other,  that  the  external  may  be  muscles  of 
inspiration,  the  internal  muscles  of  expiration.  See  his  article — Athrmag,  ReS' 
piraUon^  in  Schmidt's  Encycloptedie.  [The  effect  of  either  layer  of  these  mus- 
cles must  depend  entirely  upon  that  which  is  the  fixed  point  in  the  thorax  at 
the  moment  of  their  action.  In  a  general  way  the  first  rib  is  the  fixed  point,  and 
the  internal  layer  then  tends  to  raise  the  ribs,  and  expand  the  chest  as  effectu- 
ally as  the  outer  layer.    R.  W.] 


RESPIRATORY   MOTIONS.  673 

and  contracted  again  at  each  expiration*  With  each  inspiration  the 
trachea  is  depressed  by  its  extrinsic  muscles,  and  the  rima  glottidis  and 
larynx  generally  are  widened  by  the  intrinsic  muscles.  The  tra- 
chea and  rima  glottidis,  again,  contract  upon  each  expiration.  The 
contractile  and  partly  true  muscular  fibres  of  the  trachea,  unques- 
tionably assist  in  this  latter  action ;  these  fibres,  indeed,  accompany 
the  ramifications  of  the  bronchi  to  their  extremities,  and  as  it 
seems  even  surround  the  several  air-cells  of  the  lungs,  (Figs. 
CLXXV  and  CLXXXII,)  so  that  they  must  be  the  active  agents 
in  emptying  these  of  the  air  they  contain,  whilst  they  dispose  the 
lungs  at  large  to  contract**'. 

§  389.  To  the  number  of  respiratory  movements  must  be  reckoned 
various  modified  motions,  which,  like  the  breathing  itself,  are  partly 
dependent  on  the  will,  partly  abstracted  from  its  influence.  All 
these  motions  are  referable  to  inspirations  and  expirations,  but 
with  alterations  in  the  rhythm.  In  whai<^  called  hawking,  the 
mucus  that  has  accumulated  in  the  trachea»*or  about  the  fauces,  is 
forced  up  by  means  of  powerful  expirations,  aided  by  the  special 
action  of  the  velum  palati,  the  air  passing  through  the  mouth ;  in 
blowing  the  nose  the  air  is  forced  by  a  strong  expiratory  effort 
through  the  nostrils,  the  mouth  being  closed.  In  sighing,  which 
happens  involuntarily  or  unconsciously,  a  prolonged  inspiration  is 
followed  by  a  hasty  expiration  ;  snoring  is  occasioned  by  the  flap- 
ping of  the  velum  palati,  and  occurs  during  deep  sleep  when  the 
mouth  is  partially  open,  and  particularly  when  the  person  is  lying 
on  his  back.  In  eflbrts  of  various  kinds,  in  straining  at  stool,  etc., 
the  chest  after  a  somewhat  full  inspiration,  is  fixed,  and  the  breath 
held  for  a  moment,  suddenly  the  laryngeal  muscles  relax,  and  the 
expiration  follows  short  and  generally  with  an  audible  noise. 

^^  Of  the  elasticity  of  the  terminal  vesicles  of  the  lungs,  conviction  may  be 
obtained  by  examining  thin  slices  of  the  organs  under  compression  with  thin 
plates  of  glass.  The  degree  in  which  the  lungs  themselves  are  active  in  respira- 
tion has  afforded  matter  for  controversy  from  of  old.  Haller  denied  them  any 
contractile  power ;  Rudolphi,  on  the  contrary  allowed,  and  Jo.  Milller  refuses 
them  contractility.  Krimer  and  Valentin  have  observed  actual  contractions  in 
the  trachea  at  least.  Vide  Theile,  in  Soemmerring*s  Anatomy.  [In  many 
animals,  as  in  the  horse,  the  elastic  tissue  investing  the  entire  surface  of  the 
lung,  as  with  a  capsule,  is  no  doubt  one  of  the  agents  in  expiration.  Vide  Annot. 
331.  p.  360.    R.  W.] 
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§  390.  The  involuntary  respiratory  motions  are  of  the  reflex  order, 
and  take  place  either  under  the  influence  of  local  peripheral  stimu- 
lation, or  of  impre€(sions  made  upon  the  sensorium.  Sobbing  is 
nearly  of  the  same  nature  as  sighing,  the  act,  however,  being  fire- 
quently  repeated,  and  taking  place  by  starts;  in  this  act  the 
diaphragm  appears  to  be  particularly  active.  Sneezing  is  a  spas- 
modic expiration  following  a  more  gradual  inspiration,  at  least  in 
the  beginning  of  the  bout.  In  yawning,  a  long-drawn  inspiration 
is  followed  by  a  like,  or  even  longer  expiration,  at  the  same  time 
that  various  muscles  of  the  face  come  into  action,  particularly  the 
digastrics  of  the  lower  jaw,  which  are  in  some  sort  spasmodically 
afliected,  and  open  the  mouth  widely.  Coughing  is  a  reflected 
spasmodic  motion  in  consequence  of  an  irritation — such,  for  example, 
as  an  accumulation  of  mucus  in  some  part  of  the  air  passages,  or 
fi-om  consent  or  sympathy  with  other  parts,  which  receive  branches 
from  the  pneumogastric  nerve — the  stomach,  etc.  In  tlus  act,  upon 
an  inspiration  of  variable  extent,  a  succession  of  syncopated  expira- 
tions follow  each  other  with  rapidity,  the  barking  sound  being  due 
to  the  action  of  the  muscles  of  the  larynx,  which  from  a  state  of 
powerful  tonicity,  suddenly  relax  at  intervals,  and  suffer  the  air  to 
escape  in  jets.  Crying  consists  in  alternate  deep  inspirations  and 
expirations,  the  former  being  often  impeded  by  a  semi-spasmodic 
state  of  the  muscles  about  the  rima  glottidis,  whereby  the 
inspiration  becomes  crowing,  and  syncopated,  or  divided  into 
several  stages.  In  laughing,  the  expirations  take  place  by  fits, 
the  muscles  which  regulate  the  laryngeal  orifice  relaxing  and  con- 
tracting alternately.  Both  in  weeping  and  laughing,  as  all  the 
world  knows,  the  muscles  of  the  face  are  powerfully  affected, 
though  the  expression  is  very  different  in  each ;  tears  belong  to 
grief  especially,  but  hearty  laughter  sheds  tears  also.  All  these 
motions  are  greatly  modified  according  to  the  degree  of  violence,  or 
energy,  with  which  they  take  place ;  they  are  also  frequently  asso- 
ciated— sobbing  and  weeping,  for  example  ;  and  they  are  also 
influenced  by  the  sensorium,  which,  as  in  the  case  of  the  respiration, 
if  it  does  not  control  them  entirely,  can  still  increase  or  moderate 
them  to  a  certain  extent. 
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Of  the  Voice  atid  Speech. 

§  S91.  A  competent  knowledge  of  the  anatomy  of  the  larynx, 
and  of  the  physical  conditions  needful  to  the  production  of  sounds, 
is  implied  in  entering  on  the  consideration  of  the  physiology  of  the 
vocal  organs.  The  production  of  sounds  by  a  particular  organ  is 
connected  in  all  the  higher  animals  with  a  respiratory  system  con- 
suming {ur.  It  is  only  in  comparatively  low  grades,  that  we  note 
the  production  of  sounds  associated  with  the  intestinal  canal,  and 
the  external  homy  skeleton'**.  We  observe  a  true  voice,  more  or 
less  perfect,  only  in  amphibia,  birds,  and  mammals'* *•  Here  the 
larynx  is  the  instrument  in  which,  by  the  agency  of  the  air,  pulses 
are  produced  that  reach  the  ear  as  sounds.  The  human  larynx  is, 
indeed,  a  musical  instrument  of  great  perfection ;  by  certain  mus- 
cular motions  it  is  brought  into  the  state  of  tension  necessary  to  the 
production  of  tones,  and  by  the  combination  of  different  muscles, 
all  the  sounds  from  high  to  low,  which  we  distinguish  in  speaking 
and  singing,  are  engendered.  The  doctrine  of  sounds,  and  their 
formation,  like  that  of  vision  and  hearing,  has  an  extensive  physical 
substratum,  to  illustrate  which,  is  among  the  objects  of  elementary 
works  on  physics' *\ 

^^  The  cooing  or  croaking  noise  of  the  loach — Cobitis  fossilis,  for  example, 
and  the  chirruping  of  the  cricket  and  grass-hopper.  On  the  means  hy  which 
these  sounds  are  produced,  see  my  Elements  of  Comp,  Anatomy^  p.  237. 

"^  I  have  not  thought  it  necessary  to  include  the  voice  of  the  lower  animals 
in  my  summary  in  this  place.  I  refer  to  my  Comparative  Anatomy^  and  Icones 
Zootomica ;  to  Henle*s  monograph  On  the  Comparative  Anatomy  of  the  Larynx^ 
1839,  and  to  Miiller,  On  the  Compensation  of  Physical  Forces  in  the  Human 
Organ  of  Voice^  ^c,  1839. 

>M  Miiller  has  entered,  at  great  length  into  the  physical  conditions  needful  to  the 
production  of  sound  in  his  Physiology^  aad  has  carried  out  the  principle  consigned 
in  the  important  work  of  W.  Weber,  On  the  Theory  of  Reed'pipeSj  in  its  par- 
ticular bearing  upon  the  formation  of  the  human  voice.  MUller's  Treatise  on 
the  Physioh^  of  the  Voice  is  by  fkr  the  best  we  have,  and  I  have  taken  him 
for  my  guide  in  these  paragraphs.  Among  those  who  have  occupied  themselves 
with  the  physics  of  the  voice,  Savart  and  Cagniard  Latour  deserve  particular 
mention.  See  also  Lescovius,  On  the  Theory  of  the  Human  Voice,  Lips.,  1814; 
Bennati,  Recherches  sur  le  Mechamsme  de  la  Voix  Humaine,  Paris,  1832 ;  and 
Haeser,  On  the  Human  Voice^  Berlin,  1839.    Among  the  Physiological  Elemen- 

4  E 
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§  39^.  General  obBervation  satisfies  us  that  the  voice  is  formed 
in  the  rima  glottidis — neither  above  nor  below  it  1st,  When  an 
opening  is  made  below  the  larynx  into  the  trachea  of  an  animal, 
the  voice  is  extinguished;  but  it  is  recovered  if  the  orifice  be 
closed*  ^\  Cases  have  occurred  in  the  human  subject,  in  which  a 
fistulous  opening  has  existed  under  the  thyroid  cartilage  into  the  wind- 
pipe, and  where  the  facts  just  mentioned  have  been  noted  on  the  altera 
nate  opening  and  closing  of  the  hole  with  the  point  of  a  finger*  *  *.  On 
the  contrajy,  a  wound  made  fairly  into  the  gullet  above  the  chink 
of  the  glottis,  or  even  implicating  the  superior  bands  of  this  part, 
and  cutting  away  a  portion  of  the  arytenoid  cartilages,  is  not  fol- 
lowed by  extinction  of  the  voice.  2d,  The  larynx  removed  from 
the  body  of  a  man  or  animal,  if  blown  through  from  the  inferior 
extremity,  can  be  made  with  a  little  management  to  produce  tones 
that  bear  a  certain  resemblance  to  those  of  the  living  being.  This 
happens  when  the  whole  of  the  trachea  is  retrenched,  when  the 
epiglottis,  and  even  the  superior  cordae  vocales,  the  ventricle  betwixt 
the  inferior  and  superior  conke  vocales,  and  the  large  superior  por- 
tions of  the  arytenoid  cartilages,  are  taken  away**°. 

§  393.  Everything  satisfies  us  of  the  correctness  of  that  view, 
according  to  which,  the  trachea  is  regarded  as  analogous  to  the 
conduit  from  the  wind-chest  of  a  musical  instrument  that  speaks 
by  wind — such  as  an  organ-pipe.  All  the  parts  above  the  rima 
glottidis, — the  fauces,  mouth,  and  nostrils,  are  as  the  part  of  the 
organ-pipe  which  stands  above  its  mouth,  and  which  have  nothing 
to  do  in  engendering  the  tone,  but  which  modify  it  powerAilly. 
The  parts  that  are  of  the  highest  consequence  are  the  ligamenta 
thyreo-arytenoidea  inferiora,  sen  chordae  vocales,  which  are  pre- 

tary  works,  those  of  Mayo  and  Magendie  may  be  consulted,  in  connection  with 
the  important  appendices  to  the  Grerman  transUitions,  by  fleusinger.  Bindseil 
has  also  treated  the  physiology  of  the  voice  and  articulate  speech  with  great 
ability  in  his  work  On  Language — ABgemeine  vergleichende  Sprachlekre^ 
Hamb.,  1839. 
^''  Magendie  instituted  many  experiments  of  this  kind — Physiology, 
^^  Magendie  had  an  opportunity  of  observing  a  man  who  had  a  fistulous 
opening  into  his  wind-pipe,  and  who  could  not  speak  unless  he  wore  a  pretty 
tight  cravat  about  his  neck.  Cases  of  the  same  kind  have  been  seen  by  many 
others — Dupuytren,  Bell,  &c. 

"9  This,  from  Mttller's  experiments. 
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cisely ^the  ports  between  which  lies  the  elongated  slit  called  rima 
glottidis.  These  chords  are  the  parts  which  are  thrown  into 
vibration  by  the  column  of  air  that  passes  rapidly  betwixt  them^ 
BO^that  the  human  larynx  bears  the  most  perfect  analogy  to  a  reed- 
stop  with  a  double  membranous  tongue.  The  lungs  and  bronchi 
represent  the  wind  chest,  from  which  the  air  is  expelled  through 
the  narrow  rima  glottidis,  the  ligaments  or  chords  of  which,  like  the 
reed  in  an  organ-pipe,  or  clarionet,  are  immediately  thrown  into 
vibrations,  which  being  communicated  to  the  issuing  column  of  air, 
the  sound  with  its  peculiar  quality  is  produced*^*'. 

§  394.  The  vibrations  of  the  chordae  vocales  depend  on  their 
elasticity ;  their  tension  is  regulated  by  the  action  of  the  thyreo- 
.ary  tenoidei  muscles  especially.  The  elasticity  of  the  chord83  vocales 
is  owing  to  the  elastic  tissue  of  which  they  consist'"  S  and  it  is  in 
virtue  of  their  structure  that  they  are  enabled  to  vibrate  like  a 
couple  of  extended  membranes.  The  stretching  or  tension  is 
effected  by  the  motions  of  the  thyroid  upon  the  cricoid  cartilage 
through  the  contractions  of  thecryco-thyroidei,  as  also  by  the  motions 
of  the  arytenoid  cartilages  from  the  actions  of  their  proper  muscles. 
The  rima  glottidis  is  made  narrower  by  the  approximation  of  the 
arytenoid  cartilages  by  the  action  of  the  muscuU  arytenoidei  pro- 
prii,  and  it  is  enlarged  by  the  separation  of  the  arytenoid  cartilages 

^^  This  comparison  of  the  vocal  organ  of  man  and  mammalia  to  a  wind  instru- 
ment with  a  reed,  is  now  generally  supported.  Dodart,  Magendie,  Cagniard 
Latour,  and  Jo.  Mueller,  haVe  in  particular  shown  its  identity  with  reed-stops, 
haying  membranous  tongues.  The  most  important  objections  to  this  view  have 
been  made  by  Savart,  who  compares  the  human  organ  of  voice  to  the  little 
instrument  called  a  bird-call,  maintaining  it  to  be  in  its  essence  a  libial  pipe  with 
walls  susceptible  of  divers  degrees  of  tension.  He,  as  well  as  all  who  espouse  his, 
or  an  analogous  theory,  maintain  that  the  air  alone  is  the  sonorous  body. 
Another  view,  in  which  the  chordae  vocales  are  regarded  as  the  only  sonorous 
parts,  and  that  the  laiynx  is  therefore  to  be  compared  to  a  stringed  instrument, 
(whence  the  name  chordae  vocales),  took  its  rise  with  Ferrein,  and  acquired  a 
certain  reputation,  in  consequence  of  Haller  having  lent  it  the  weight  of  his 
authority.  It  has  had  no  advocate  in  recent  times.  All  our  knowledge  leads  us 
to  regard  the  voice  as  the  product  of  the  joint  vibrations  of  the  chordse  vocales 
and  column  of  air  in  the  trachea,  larynx,  and  mouth, — ^the  whole  of  the  parts  in 
short  which  bound  the  vibrating  column. 

^^  For  an  account  of  the  structure  and  properties  of  the  elastic  tissue,  vide 
Henle*8,  Bruns*,  Gerber*s,  and  other  elementary  works  on  general  anatomy,  and 
§408. 
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effected  by  the  crico-arytenoidei  posticL  OpportunitieB  have  occa- 
sionally occurred  of  observing  the  alterations  which  take  place  in 
the  state  of  the  rima  glottidis  in  the  living  subject' "**•  In  the  state 
of  repose,  the  breathing  being  slow  and  regular,  it  appears  to  be 
triangular,  or  lancet-shaped,  the  base  being  backwards,  and  the 
sides  formed  by  the  inner  aspects  and  anterior  processes  of  the 
lower  portion  of  the  arytenoid  cartilages.  (Vide  Soemmerring's 
Icoms  Organorum  Gmtm  et  Vocis^  Fig.  XX.)  Anteriorly  the 
greater  part  of  the  rima  glottidis  is  formed  by  the  chorda  vocales 
themselves,  which  are  attached  to  the  anterior  processes  of  the 
arytenoid  cartilages.  The  only  part  of  the  rima  glottidis  susceptible 
of  proper  vibration,  is  this  anterior  portion  bounded  by  the  elastic 
chordse  vocales.  When  a  sound  is  produced,  the  rima  glottidis  is 
so  narrow  that  nothing  more  than  a  mere  linear  chink  remainsi 
When  the  nerves  which  supply  the  muscles  which  have  been  men- 
tioned above  are  divided,  the  voice  is  destroyed. 

§  395.  The  latest  experiments  on  the  formation  of  the  voice  with 
natural  and  artificial  larynxes,  satisfy  us  that  the  inferior  vocal 
chords  give  pure  and  full  tones  upon  being  blown  through,  when 
the  rima  glottidis  is  narrow  enough.  The  tones  bear  a  great  re- 
semblance to  those  of  the  human  voice,  and  are  also  very  like  those 
that  are  elicited  from  an  artificial  larynx,  having  vibrating  tongues 
made  of  portions  of  the  moist  coats  of  an  artery.  The  ventricles  of 
Morgagni,  the  superior  vocal  chords,  and  the  epiglottis,  as  also  the 
posterior  wall  of  the  larynx,  vibrate  powerfully  at  the  same  time, 
and,  doubtless,  strengthen  the  sound.  By  merely  altering  the 
tension  of  the  chordie  vocales,  tones  to  the  extent  of  two  octaves 
can  be  produced ;  when  the  tension  is  great  the  tones  are  high, 
shrill,  or  screaming ;  when  it  is  slight,  on  the  contrary,  the  tones 
are  deep  or  grave ;  the  lowest  bass  notes  are  consequently  produced 
along  with  the  greatest  state  of  relaxation  of  the  vocal  chords  in- 
duced by  the  retraction  of  the  thyroid  cartilage.  The  chordse 
vocales  which  vibrate  through  their  entire  depth,  are  not  only  oom- 

^*  Rudolphi,  Mende,  Mayo,  and  Bell,  in  particular,  have  communicated 
observations  on  such  cases.  Kempelen,  Mechanism  of  the  Human  Voiee^  Vienoa, 
1791,  maintained  that  the  rima  glottidis  cannot  be  more  than  iV^h  or  i^^th  of  a 
line  open  when  sounds  are  to  be  formed;  observation  in  the  living  subject  has 
confirmed  this  view. 
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pletely  relaxed  in  their  states  of  greatest  relaxation5  but  in  the  state 
of  repose  are  wrinkled  or  folded.  By  the  mere  force  of  the  air 
urged  over  them,  however,  they  are  stretched,  and  by  this  acquire 
the  degree  of  tension  necessary  to  enter  into  vibration.  In  the  ordi- 
nary state  of  repose  of  the  larynx,  when  the  chordae  vocales  are 
neither  in  a  state  of  tension,  nor  of  such  relaxation  as  to  faU  into 
folds,  the  parts  are  in  the  condition  most  favourable  to  the  production 
of  the  usual  medium  or  speaking  voice,  which  is  generally  pitched 
midway  between  the  deepest  and  the  highest  pectoral  tones.  In 
the  falsetto,  or  head  voice,  the  upper  marginal  parts  of  the  chordsB 
vocales  alone  appear  to  vibrate.  The  height  or  acuteness  of  these 
tones  depends  on  the  high  state  of  tension  of  the  chordae  vocales. 
The  sounds  elicited  from  the  female  larynx  are  in  general  higher 
than  those  that  proceed  from  that  of  the  male.  The  length  of  the 
chords  vocales  in  the  two  sexes  differs ;  whether  in  the  state  of 
action  or  repose,  they  are  to  each  other  in  the  ratio  of  about  3  to  2. 
We  have  as  yet  no  comparative  measurements  of  these  parts  in  the 
larynxes  of  distinguished  male  and  female  vocalists.  The  ventricles 
of  Morgagni  appear  to  have  no  other  object  than  to  leave  the 
chordas  vocales  free  externally,  to  the  end  that  their  vibrations 
may  be  unimpeded.  The  strength  and  quality  of  the  voice  depend 
greatly  upon  the  state  and  condition  of  the  passages  above  and 
below  the  reeds  or  parts  that  immediately  give  it  to  existence — 
the  chordae  vocales*'*. 

*«*  lo  the  above  paragraph  I  have  giveo  the  briefest  possible  sununaiy  of  the 
results  of  MUller^s  researches.  In  the  work  of  this  distinguished  physiologist, 
On  the  Compensation  of  Forces^  Sfc,  may  be  found  figures  of  the  apparatus 
necessary  to  experiments, — artificial  larynxes,  &c.  Cagniard  Latour  some  time 
back  laid  an  account  of  his  experiments  illustrative  of  mechanism  of  the  human 
voice,  before  the  Royal  Academy  of  Sciences  of  Paris,  and  has  given  an  abstract 
of  hifl  ccmclusions,  in  No.  376  of  rinstUut,  This  philosopher  lays  great  stress  on 
the  sinuses  of  Morgagni,  which  he  thinks  do  not  exist  for  the  sole  purpose  of 
permitting  the  chordae  vocales  to  vibrate  freely,  but  which,  he  says,  perform  an 
acoustic  office  in  virtue  of  the  mass  of  air  they  include ;  he  concludes,  in  fact, 
from  his  experiments,  that  these  sinuses  are  the  seat  of  very  energetic  vibrations, 
that  they  contribute  mainly  to  bring  the  whole  of  the  parts  composing  the 
larynx  into  a  state  of  vibration,  and  also  impress  particular  qualities  upon  the 
sounds  emitted.  These  views  he  illustrates  by  means  of  a  wind  instrument  of 
his  invention,  which  he  calls  the  sirene.  He  thinks  that  the  vibrations  which 
are  productive  of  the  voice,  are  in  part  molecular  vibrations— vibrations  of  sur- 
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§  396.  Besides  the  sounds  that  are  produced  in  the  larynx^  there 
are  others  of  a  much  more  limited  and  less  significant  nature,  that 
have  their  origin  in  the  mouth — there  are  oral  as  well  as  laryngeal 
sounds  due  to  the  vibrations  of  soft  membranes.  To  the  dass  of 
oral  sounds  belong  those  that  are  heard  in  snoring  and  hawking 
(§  389).  The  two  folds  of  the  palatine  arch  are  here  thrown  into 
vibration  by  the  stream  of  air  that  is  passing  over  them,  and  liter- 
ally become  for  the  time  double  membranous  tongues  or  reeda 
The  lips  may  also  be  made  to  comport  themselves  like  vibrating 
membranes  or  reeds,  and  so  to  serve  for  the  production  of  sounds; 
the  lips  are  the  reeds  made  use  of  by  players  upon  all  the  varieties 
of  horn  and  trumpet  we  possess,  from  the  ophicleide  and  trombone 
upwards.  In  whistling,  the  lips  do  not  vibrate — the  column  of  air 
is  thrown  into  vibration  by  rubbing  over  the  surface  of  the  lips ; 
whistling  sounds  of  the  ordinary  character  are  produced  with  a 
small  perforated  disc  of  wood,  or  cork,  betwixt  the  lips.  It  is  to  be 
understood  that  in  all  the  tones  and  sounds  produced  by  the  proper 
vocal  apparatus  and  the  adventitious  tube  with  which  it  is  con- 
nected, such  as  speech,  etc.,  vibrations  of  the  columns  of  air  and 
surrounding  parts  take  place  together;  it  is,  however,  extremely 
difficult  to  determine  the  relative  share  which  each  has  in  the 
production  of  the  determinate  tone  or  tones. 

.  §  397.  AU  the  articulated  tones  or  sounds  which  form  the  basis 
of  speech,  are  produced  under  the  conjoint  influence  of  the  larynx, 
fauces,  and  moutL  The  sounds  are  very  far  from  being  all  exactly 
alike  in  every  language  that  is  spoken  by  man ;  the  great  diversities 
of  tone  and  character,  indeed,  in  different  languages,  satisfy  us  of 
the  infinite  variety  that  is  possible.  The  usual  division  by 
grammarians  of  articulate  sounds  into  guttural,  lingual,  and  labial, 
b  not  altogether  correct.  In  the  majority  of  instances,  the  whole  or 
the  greater  number  of  the  organs  included  in  the  mouth,  cooperate 
in  producing  each  articulate  sound.  The  vowels  alone  are  prima- 
rily formed  between  the  vocal  chords ;  here,  the  mouth  is  indiffer- 

rounding  solid  parts,  before  they  are  l&erial  vibrations.  In  all  that  has  reference 
to  experiineot,  I  imagine  that  there  is  little  room  for  addition  to  what  has  been 
done  by  MUller.  Perhaps  the  only  point  that  has  not  been  taken  into  sufficient 
account  of  late,  is  the  vibration  of  the  column  of  air  in  the  conduits  above  and 
below  the  vibrating  tongues. 
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ent,  or  nearly  so,  whether  the  sounds  be  uttered  loudly  or  softly. 
The  vowels  are  articulated  with  the  slightest  effort  and  least  prac- 
tice, and  on  this  account  are  always  first  learned  by  children.  The 
consonants,  which  serve  for  the  connection  of  the  vowels,  are 
more  difficult  of  articulation,  extensive  muscular  combinations 
being  indispensable  in  the  act ;  children  therefore  only  acquire  them 
slowly,  and  often  with  the  aid  of  tuition ;  some  consonants,  indeed, 
are  never  properly  mastered  by  certain  individuals  in  the  course  of 
their  lives.  The  consonants  of  foreign  languages,  too,  which  we 
learn  when  we  are  no  longer  children,  often  puzzle  us  in  spite  of 
our  best  efforts  to  conquer  them — we  have  not  been  accustomed  to 
make  use  of  the  precise  muscular  combination  that  is  required  to 
elicit  them*"^.  For  the  same  reason  it  is  found  more  difficult  to 
acquire  a  language  in  proportion  to  the  number  of  its  consonants. 
The  Sclavonic  tongues  are  extremely  obdurate  in  the  mouths  of 
the  Celtic  and  Gothic  nations  of  Western  Europe.  Singing  is  s 
modification  of  speech,  consisting  in  a  succession  of  acuter  or  graver 
tones,  with  a  dwelling  upon  the  vowel  sounds,  in  the  production  of 
which,  the  muscular  action  is  more  complicated  and  perhaps  ener- 
getic; whence  the  fatigue  that  is  experienced  in  singing  for  a 
length  of  time. 

Animals  have  a  voice,  and  they  sing,  but  they  have  no  speech, 
they  have  no  language.  To  the  production  of  language,  therefore, 
thought  is  indispensable,  and  that  to  an  extent  such  as  can  coexist 
only  with  the  very  high  organization  of  the  human  brain.  Idiots 
from  their  birth,  therefore,  do  not  learn  to  speak,  or  they  learn 
imperfectly,  in  a  measure  commensurate  with  the  manifestation  of 
psychological  power.  Language  may  be  looked  on  as  the  highest 
kind  of  play  or  mimicry ;  it  is  a  communication  of  our  thoughts  in 
articulate  sounds  produced  by  highly  complicated  muscular  move- 
ments. The  relations  of  the  voice  and  speech  to  physical  pheno- 
mena, belong  to  the  General  Physiology  ••*. 

^^  The  th  of  the  English,  the  ch  of  the  Germans,  the  ch  of  the  Swiss,  the  g 
of  the  Spaniards,  are  examples.  R  is  one  of  the  consonants  that  are  learned 
with  difficulty ;  children  always  substitute  an  /  for  it ;  certain  persons  slur  it  so 
long  as  they  live,  and  in  some  languages,  the  Chinese,  for  instance,  it  does  not 
exist. 

^  The  Phyiiology  of  MUller,  and  the  work  of  Bindseil,  akeady  quoted,  will 
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CHAPTER  III. 


OF  THE  INVOLUNTARY  MOTIONS. 

Of  the  Heartf  and  the  Phenomena  of  Motion  occurring  in  the 

Vascular  System* 

§  398.  In  man,  the  mammalia^  birds,  and  the  crocodile  among 
amphibia,  the  heart  is  formed  on  the  same  essential  plan ;  it  consists 
of  two  distinct  auricles,  and  of  two  equally  distinct. yeniricles  ***. 
When  the  thorax  of  a  living  animal  is  laid  open'*  %  the  two  aarides 
and  the  two  ventricles  are  observed  contracting  and  dilating  alter- 
nately, the  two  auricles  acting  synchronously,  and  then  the  two 
ventricles.  These  contractions  depend  on  the  abbreviation  of  the 
multitude  of  muscular  fibres  of  which  the  heart  is  composed"'*. 
The  first  movement  is  that  of  the  auricles,  which  contract  rapidly 
and  shortly,  inmiediately  upon  which,  without  remarkable  interval 

be  advantageooBly  consulted  for  more  extended  information  on  the  topics  em- 
braced in  this  important  Chapter.    " 

^^  The  beat  of  the  heart,  and  therefore  the  mechanism  of  the  hearths  moye- 
ments,  are  essentiaUy  the  same  in  all  the  foor  cLuses  of  vertebrate  animals,  so 
that  a  frog  may  be  selected  with  perfect  propriety  for  the  study  of  the  pheno- 
mena; the  auricles  here  are  double,  indeed,  and  the  voDtricle  is  single,  as  in  the 
majority  of  the  amphibia,  and  all  fishes,  but  the  acts  are  the  same  as  in  man. 
The  active  participation  of  the  muscular  fibres  in  the  systole  becomes  evident 
in  the  excised  heart  of  the  fit>g :  during  the  systole  the  heart  is  seen  to  rise 
from  the  surface  upon  which  it  is  laid,  and  in  the  diastole  to.  sink  down  again. 
Vide  Oesterreicher  On  the  Circtdation^  (in  German,)  Nftmb.,  IS26,  p.  33,awrak 
in  which  the  literature  of  this  Chapter  will  be  found  given  with  great  complete- 
ness. 

^^  It  is  by  no  means  necessary  to  lay  open  a  warm  blooded  animal  alive. 
The  creature  may  be  pithed,  or  poisoned  with  one  of  the  narcotic  poisons,  and 
the  circulation  kept  up  for  three-quarters  of  an  hour  and  more,  by  means  of 
artificial  respiration. 

^^  The  muscular  substance  of  the  lymphatic  hearts  of  amphibia  is  transversely 
streaked.  The  one  in  the  sciatic  re^on  of  the  firog  affbfds  a  subject  for  ex- 
amination accessible  at  all  times. 
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follows  the  oonf Taction  of  the  ventricles,  a  slower  process,  and  of 
about  twice  the  duration  of  that  of  the  auricles.  After  this  there 
is  a  pause.  The  contraction  of  the  auricles  accomplished,  they 
immediately  fill  with  blood  again,  and  increase  in  size,  their  mus- 
cular fibres  having  relaxed ;  this  moment  of  repose  constitutes  the 
diastole  of  the  auricles,  as  that*  of  contraction  constitutes  their 
systole*  Precisely  the  <fiame  phenomena  take  place  in  the  ventri- 
cles, the  systole  of  which  occurs  at  the  beginning  of  the  dia^ 
stole  of  the  auricles.  The  pause  in  the  action  of  the  heart  happens 
along  with  the  conclusion  of  the  diastole  of  the  auricles,  and  con- 
tinues through  the  whole  of  that  of  the  ventricles.  The  stroke  or 
impulse  of  the  heart,  which  is  due  to  the  ventricular  systole,  there- 
fore, falls  between  two  pausea  In  the  interval  betwixt  two  impulses 
the  whole  heart  contracts  once,  and  empties  itself  of  the  entire 
charge  of  blood  which  it  contains.  The  systole  of  the  auricles  is 
accomplished  very  rapidly,  and  in  silence;  it  forms  a  kind  of 
preliminary  to  the  second  act  in  the  beat  of  the  heart,  which 
lasts  much  longer.  During  the  systole,  the  cavities  of  the  heart 
diminidi ;  during  the  diastojle  they  enlarge.  With  the  ventricular 
systole  there  is  a  distinct  alteration  of  place :  the  apex  of  the  heart 
rises,  or  is  projected  forwards  and  upwards,  from  the  spine  towards 
the  anterior  parietes  of  the  thorax,  against  which  it  strikes,  in  the 
normal  state,  betwixt  the  fifth  and  sixth  ribs  of  the  left  side.  The 
impulse  of  the  heart  is  therefore  felt  most  forcibly  in  this  intercostal 
space.  In  the  course  of  the  systolic  lever-like  motion  of  the  heart 
now  indicated,  there  is,  farther,  a  slight  turning  of  the  organ  upon 
its  axis  from  left  to  right ;  with  the  diastole  the  motion  is  reversed, 
and  the  organ  falls  back,  or  sinks  down  upon  the  spine.  This 
rotation  upon  its  axis  is  the  main  cause  of  the  alternate  rise  and 
fal  of  the  apex  of  the  heart,  and  consequently  of  the  impulse,  and 
depends  itself  on  the  [arrangement  of  the  muscular  fibres  and] 
influx  and  efflux  of  the  blood'"". 

^'  Vide  the  late  memoir  of  Ktlrschner  on  the  impulBe  of  the  heart,  in  Mtlller*8 
Arehiv  f.  1S41,  as  also  his  article  Auscultation  in  Schmidt's  Encykhpadie^  B. 
i,  in  which  the  opinions  of  different  writers,  Hope,  Skoda,  &c.,  are  passed  in 
review.  Vide  also  Reports  of  the  British  Association  for  various  years,  particu- 
larly 1S35,  1836,  1888,  1839,  and  1840,  for  much  valnahle  information  on  the 
motions  and  sounds  of  the  heart.  [I  helieve  the  impulse  of  the  heart  to  be 
mainly  due  to  the  alteration  that  takes  place  in  the  shape'  of  the  organ,  when  in 

4  F 
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§  399.  Wlien  the  ear  is  applied  to  the  chest  in  the  re^on  of  the 
hearty  certain  peculiar  sounds  are  heard,  one  of  them  coinddently 
with  the  pulse  in  the  arteries.  For  every  beat  of  the  pulse  or 
stroke  of  the  heart,  however,  two  sounds  are  heard.  The  first  is 
dull  and  extended.  This  is  perceived  at  the  same  moment  that  the 
apex  of  the  heart  impinges  against  the  ribs,  and  is  therefore  syn- 
chronous with  the  systole  of  the  ventricles.  It  is  difficult  to  render 
a  precise  and  satisfactory  reason  for  this  sound ;  perhaps  it  does  not 
depend  on  any  single  cause  or  circumstance ;  it  is  certainly  con- 
nected in  a  very  particular  manner  with  the  progressive  contraction 
of  the  muscular  compages  of  the  ventricles,  from  the  basis  towards 
the  apex  of  the  heart,  and  it  is  probably  strengthened  by  the  con- 
tact of  the  apex  with  the  thoracic  parietes,  [as  well  as  by  the 
closure  of  the  auriculo-ventricular  valves ;]  it  cannot  depend  on 
either  of  these  latter  circumstances  singly,  inasmuch  as  it  is  still 
distinctly  heard  when  the  thoracic  parietes  are  removed,  [and  also 
when  the  auriculo-ventricular  valves  are  destroyed]*'**.  The 
second,  weaker,  and  at  the  same  time  shorter,  sound  follows  the 
first,  after  a  brief  interval.  It  coincides  with  the  beginning  of  the 
diastole  of  the  ventricles.  It  is  audible  when  the  heart  is  laid  bare, 
and  appears  to  depend  entirely  upon  the  sudden  closure  of  the 
semilunar  valves  at  the  roots  of  the  great  arteries,  this  closure 
being  effected  by  the  column  of  blood  pent  up  within  the  elastic 
parietes  of  these  vessels ;  [the  pressure  from  behind  suddenly  re- 
moved, the  coliunn  immediately  tends  to  return;  but  the  semilunar 
valves  are  caught,  smacked  together,  and  the  elastic  force  of  the 

its  TeDtricular  systole,  it  suddenly  grasps,  apd  becomes  moulded  upon,  the  un- 
yielding charge  of  blood  which  it  contains.  From  an  elongated  and  triangular 
form,  it  is  suddenly  moulded  into  one  that  is  nearly  globular,  and,  redsted 
-behind,  it  leaps  forward  and  strikes  the  front  wall  of  the  chest.    R.  W.] 

^^  Magendie,  among  others,  held,  that  the  first  sound  was  owing  to  the  stroke 
of  the  heart  against  the  thoracic  parietes.  The  notion  is  completely  answered 
by  the  fact  quoted  above,  viz.  that  the  sound  is  still  heard  when  there  are  no 

.  ^oracic  walls  to  strike  against,  [as  it  is  also  when  the  heart  is  removed  fitMn  the 
body  and  is  palpitating  in  the  hand.]     Carswell,  [Rouanet,  BouiUaud,  and  many 

•  others,]  are  of  opinion,  that  the  action  of  the  mitral  and  tricuspid  valves  has  a 
considerable  or  predominating  influence  in  the  production  of  the  first  as  well  as 

.  of  the  second  sound  of  the  heart.    The  conclusion  of  the  committee  of  the 
British  Association  is,  that  this  action  is  efficient  ^y  in  a  very  minor  degree  in 

. ,  eliciting  the  first  sound ;  which  may  gain  something  in  definiteness  of  commenoe- 
ment  perhaps  through  its  influence,  but  nothing  more. 
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arteries  is  then  expended  in  urging  on  the  blood  in  its  proper 
course]*'*. 

§  400.  The  heart  at  each  systole  forces  a  certain  quantity  of 
blood,  which  has  been  estimated  at  about  an  ounce  and  a  half,  into 
the  aorta,  and  the  fluid  at  the  same  time  flows  per  saltum  through 
the  arteries,  the  stroke  of  the  heart  being  sensible  as  the  pulse  of 
these  vessels  even  to  very  minute  sub-divisions  of  their  trunks*'*. 
However  easy  it  is  to  appreciate  the  pulse  of  an  artery,  it  is  never- 
theless extremely  diflicult  to  decide  definitely  on  the  state  and  relations 
of  the  vessel  in  connection  with  it.  There  seems  little  doubt  but 
that  in  former  times  the  contractility  of  arteries  and  its  influence 
upon  the  circulation  were  overrated :  in  our  own  day,  on  the  other 
hand,  it  is  scarcely  less  certain  that  they  have  not  been  estimated 
at  their  full  value ;  the  latest  experiments  seem  to  prove  that  the 
arteries  are  not  merely  passively  dilated  with  each  stroke  of  the 
heart,  and  that  they  have  a  power  over  and  above  that  which  they 

'^  The  idea  that  the  impinging  of  the  wave  of  blood  against  the  walls  of  the 
ventricles  as  it  entered  them  from  the  auricles,  must  have  a  large  amount  of 
influence  in  engendering  the  first  sound  of  the  heart,  as  formerly  maintained  by 
Hope,  is  now  little  thought  of;  probably  it  is  not  without  some  influence ;  [but 
as  the  first  sound  is  still  distinct  when  the  empty  heart  is  contracting  on  the 
table,  it  cannot  be  very  important.]  The  entire  doctrine  of  the  sounds  and 
motions  of  the  heart  is  evidently  within  the  province  of  the  Applied  Physiologji 
and  is  very  fully  discussed  in  the  many  excellent  works  on  Auscultation,  which 
we  now  possess,  amongst  which  may  be  mentioned,  Barth  and  Rogers*  Manual, 
and  particularly  the  treatise  of  Skoda — Abhandhmg  fiber  Percusnon,  ffc,  2nd.  ed. 
1842. 

^"^  The  left  ventricle  of  the  human  heart  will  generally  hold  rather  more  than 
l^z,  the  right  ventricle  about  2oz.  Some  very  small  proportion  of  the  blood, 
most  always  be  forced  back  at  each  systole.  The  doctrine  of  the  circulation, 
and  that  of  the  pulse,  so  intimately  connected  with  it,  boast  a  very  voluminous 
literature.  Besides  the  works  already  quoted,  I  think  it  necessary  to  refer  to  the 
following  particularly,  Hale*s  Statical  EuaySy  Lond.,  1733.  Poiseuille,  Rech, 
sur  la  force  du  cceur  aorUque,  in  Magendie*s  Jawmal,  vol.  viii,  p.  272,  Swr  VaeHon 
dee  ariSres  dans  la  circulation,  ib.  vol.  iz,  p.  44.  Parry,  An  experimental  enquiry 
into  the  nature,  j^.,  of  the  Arterial  pulse,  1816.  Hall,  A  critical  and  experimental 
Essay  on  (he  Circulation  of  the  Blood,  1831.  Wedemeyer,  On  the  Circulation — 
Untersuchungen  uber  den  Kreislauf  des  Blutes,  1828,  an  excellent  work,  which 
besides  many  original  inquiries,  gives  a  very  complete  view  of  all  that  had  been 
thought  of  and  done  on  the  subject.  See  also  a  supplement  to  the  work,  in  Meckel's 
Archiv,  1828,  p.  337.  The  article  Circulation,  in  Todd*s  Cydopadid  of  Anatomy 
and  Physiology,  by  Dr.  Allen  Thomson,  gives  a  brief  and  good  view  of  the  sub- 
ject.   Vide  also,  Burdach*s  Physiology,  vol.  iv. 
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possess  in  virtue  of  their  simple  elasticity*^'.  The  following  gene* 
ral  conclusions  may  be  stated  as  the  results  of  the  vast  number  of 
experiments,  which  in  recent  times  have  been  performed  on  the 
circulating  system.     Ist^  The  abtebies  possess  a  natural,  and 

YERY  CONSIDERABLE  ELASTICITY,  INDEPENDENT  OF  THEIR  VITAL 
PROPERTIES,     AND     REMAINING   IN  GREAT  FORGE    EVEN  AFTER 

DEATH.  In  virtue  of  this  elasticity,  the  arteries  maintain  the  for- 
ward motion  of  the  blood  begun  by  the  systole  of  tiie  heart;  they 
contract  upon  and  behind  each  new  quantity  of  blood  forced  into 
them,  accommodating  themselves  always  to  its  amount,  and  thus 
keeping  up  a  pressure  at  every  point  upon  the  mass,  which  as  it  is 
prevented  from  flowing  back  upon  the  heart  by  the  closure  of  the 
semilunar  valves,  must  needs  advance  in  the  course  of  the  vesseta 
It  is  even  easy  to  imitate  or  to  produce  a  pulse  in  the  dead  body ; 
it  is  only  necessary  to  adapt  a  syringe  to  a  large  artery,  and  to 
force  the  piston  down  at  regular  short  intervals.  The  middle 
elastic  coat  of  the  arteries  plays  the  chief  part  in  the  act  which  has 
now  been  described.  The  vessels,  as  they  are  alternately  dis- 
tended and  contracted,  are  of  course  constantly  altering  their 
diameters.  The  amount  of  contraction  differs  with  the  size  of  the 
artery ;  in  small  vessels  it  may  be  so  coiu^derable  as  entirely  to 
obliterate  their  canals* ^\     2{/,  The  arteries  possess  a  vital 

^^  With  these  views  of  the  particular  inflaence  of  the  Teasels  upon  the  ad* 
▼ance  of  the  blood,  those  that  bear  upon  the  mainsprings  of  the  circulatioii  in 
general  are  intimately  associated,  and  will  be  fully  discussed  in  the  General 
Physiology.  The  views  of  different  physiologists  will  be  found  stated  in  Wede- 
meyer,  p.  69,  et  seq.  That  view  according  to  which  the  heart  is  the  sole  source 
of  the  power  which  causes  the  blood  to  circulate,  was  maintained  in  former  times 
by  Harvey,  Haller,  and  Spallanzani,  and  of  late,  by  Jo.  Mtkller  and  Magendie. 
The  latter,  in  particular,  has  protested  against  any  vital  eontractilhy  of  the 
arteries  such  as  we  have  admitted  in  the  text,  and  as  was  acknowledged  by 
J.  Hunter,  Blumenbach,  Soemmening,  Tiedemann.  &c.  Vide  Magendie*s  Ze- 
eons  sur  lea  Phenomines  physiques  de  la  Vie^  vol.  2. 

^^  This  expansion  and  contraction  of  the  calibre  of  arteries  is  easily  observed, 
and  measurements  of  its  extent  have  been  given  by  different  observers.  In  a 
horse  that  was  bled  to  death.  Hunter  found  that  the  aorta  contracted  by  ^^tb, 
the  iliac  artery  by  ith,  and  the  crural  artety  by  ^rd  of  their  several  original 
diameters.  Arteries  of  the  size  of  the  radial,  contracted  to  the  entire  obliter- 
ation of  their  cavites.  Spallanzani  observed  the  aorta  of  the  newt  enlarge  by 
about  i-rd  with  each  systole  of  the  heart ;  he  also  p^xieived  enlai^ments,  but 
in  a  less  degree,  in  the  pulmonary  artery,  and  in  the  main  branches  of  the  aorta. 
Accordant  observations  were  made  by  Magendie,  Poiseuille,  Parry,  Hastings,  &c. 
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CONTRACTILITY    DEPENDENT   ON    THE   NERVOUS   SYSTEM.        Direct 

experiments  have  proved  that  the  arteries  contract  and  narrow  their 
calibre  on  the  application  of  chemical  stimuli,  of  cold,  perhaps  also 
of  galvanism,  and  that  they  aftewards  relax,  and  r^ain  their 
original  diameter*^*.  This  contractility  is  principally  resident  in 
the  antinlar  fibrous  layer  of  the  middle  coat,  which  in  its  intimate 
structure  approximates  to  muscular  tissue.  The  annular  fibrous 
coat  lies  inwards  from  the  longitudinal  fibres,  and  forms  the  thick- 
est layer  in  the  walls  of  the  great  vessels.  Undoubtedly  upon  this 
two-fold  endowment  of  the  arteries — simple  passive  elasticity,  and 
organic  contractility,  depends  their  influence  in  the  propulsion  of 
the  blood. 

§  401.  From  all  that  precedes  it  may  be  concluded  that  the 
pulse  in  the  living  body  is  an  effect  of  the  communication  of  an 
impulse  from  the  heart  to  the  column  of  blood  contained  in  the 
arteries,  in  the  course  of  which  the  artery  suffers  a  slight  displace- 
ment, and  both  its  elasticity  and  vital  contractility  come  into  play. 
Without  making  these  last  adnussions,  it  would  be  impossible  to 

See  Schwann 'I  Art.  obfasssb  in  the  Berliner  Encydopted,  Worierb^  for  informa- 
tion on  the  great  elasticity  of  the  vesBels. 

*^^  Irritability  and  active  contractility  cannot  be  reftised  the  arteries  in  the 
fiu»  of  recent  e^>eriments )  the  older  doctrine^  therefore,  which  accorded 
them  both,  again  finds  supporters.  Vide  Henle  in  Soemmering,  p.  513. 
Schwann  has  mentioned  one  experiment  which  is  easily  repeated.  Haying  the 
mesentery  of  a  toad  (Bufo  igneos)  under  the  microscope  in  the  height  of 
summer,  when  the  weather  was  very  warm,  he  found  that  an  artery  which  measured 
0,0724  of  a  line,  after  having  had  a  few  drops  of  cold  spring  water  applied  to  it, 
contracted  gradually  in  the  course  of  from  10  to  15  minutes  till  it  was  0,0276 
of  a  line  in  diameter ;  by  and  by  it  began  to  dilate  again,  and  in  the  course  of  about 
half  an  hour  had  regained  its  original  diameter  of  0,0724  of  a  line;  the  same  phe- 
nomenon was  observed  repeatedly.  Schwann  extended  his  observations  to  the 
aorta  and  femoral  artery  of  the  frog,  and  found  the  phenomenon  equally  distinct ; 
it  was  ever  the  more  so  as  the  animal  had  lost  less  blood  previously.  Schwann,  1. 
c.  p.  229.  Thomson,  Hastings,  and  Wedemeyer,  produced  dontractions  in  arteries 
by  the  use  of  local  stimuli,  such  as  common  salt,  &c.  Wedemeyer,  on  applying 
a  galvanic  stream  from  a  battery  consisting  of  from  14  to  20  pairs  of  plates, 
noted  a  distinct  contraction  in  the  arteries  at  the  points  galvanized,  to  the 
extent  of  i,  |,  and  even  Jths  of  the  diameter  of  the  cylinder,  L  c.  p.  242. 
Valentin's  observations  on  the  contraction  of  the  aorta  of  the  horse  on  irritation 
of  the  thoracic  ganglia  have  already  been  noticed  §  267.  The  capillary  vessels 
have  been  repeatedly  observed  to  contract  under  the  influence  of  stimulL  Vide 
Henle,  I.  c.  p.  513. 
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render  any  reason  for  the  varieties  of  pulse,  and  various  other  phe* 
nomena,  which  are  met  with  in  pathological  states'^*.  The  alter- 
nate dilatation  and  contraction  of  the  arteries  is  partly  active, 
partly  passive.  In  virtue  of  their  contractility,  the  arteries,  like 
the  muscles,  appear  to  possess  a  continuous  medium  degree  of  con- 
traction (tone).  The  rhythm  of  the  pulse,  however,  is  entirely  a 
consequence  of  the  stroke  of  the  heart.  The  number  of  strokes  of 
the  pulse  in  any  ^ven  time,  coincides  exactiy  with  the  number  of 
contractions  of  the  heart  The  pulse  is  therefore  more  or  less  syn- 
chronous with  the  systole  of  the  heart ;  it  is  only  in  arteries  that 
are  most  remote  from  the  heart  that  the  arterial  pulse  is  perceived 
to  follow  the  stroke  of  the  heart  at  a  distinct  interval,  which  may 
amount  to  about  the  )th  of  a  second'^  ^.  The  number  of  beats  is 
subject  to  the  greatest  individual  and  momentary  varieties,  and 
is  also  influenced  by  many  different  circumstances.  It  is  influenced 
by  age,  sex,  constitution,  the  time  of  the  day,  the  season  of  the 
year,  the  state  of  repose  or  exertion,  health  or  disease,  etc.,  even 
the  stature  has  an  effect  upon  it.  Whilst  the  pulse  in  the  human 
foetus  varies  from  140  to  150,  and  in  the  new-bom  infant  is  gener- 
ally 130  in  a  minute,  it  sinks  in  age  to  60,  50,  and  even  a  smaller 
number'^*.  The  simplest  movements,  such  as  changing  the 
position,  rising  from  the  recumbent  into  the  standing  position, 
etc,  increase  the  number  of  the  pulse. 

People  of  small  stature  have  in  general  a  more  frequent  pulse 
than  men  of  larger  bulk,  and  this  influence  of  size  seems  to  obtain 
very  constantly  among  the  lower  animals.  The  larger  the  animal 
the  slower  in  general  is  the  pulse' ^'.      During  pregnancy,  in  the 

^''6  For  example,  the  soft,  the  hard,  the  vibratiDg,  and  other  kinds  of  pulse, 
the  phenomena  of  inflammation,  locally  increased  pulsations,  &c. 

"''''  Weber  in  particular  found  the  pulse  of  the  metatarsal  artery  upon  the 
dorsum  of  the  foot,  to  occur  at  from  |th  to  |th  of  a  second  after  the  beat  of  the 
heart.    De  PuUu^  ^c.>  p.  2,  Lips.,  1S34. 

"''^  The  number  of  the  pulse  at  different  ages  may  be  stated  as  follows :  in  the 
first  year  at  120,  in  the  second  year  at  1 10,  in  the  third  from  90  to  100,  fitun  the 
fourth  to  the  fifteenth  about  90,  in  youth  80,  and  in  manhood  firom  70  to  75. 
It  is  impossible,  however,  to  fix  any  kind  of  limits  in  this  respect,  as  the  greatest 
individual  varieties  are  constantly  met  with.  Irritable  persons  of  a  sanguine 
temperament  have  in  general  a  much  more  frequent  and  variable  pulse  thaa 
phlegmatic  persons. 

^"'^  In  the  adult  horse  and  ox,  the  pulse  is  firom  35  to  40,  in  the  ass  finom  45 
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course  of  acute  inflammatory  diseases,  of  fevers,  etc,  the  number  of 
the  pulse  is  more  or  less  increased. 

§  402.  The  circulation  in  the  veins  is  principally  acccomplished 
by  the  propulsive  power  of  the  heart  This  influence  of  the  heart 
upon  the  venous  stream  is  readily  demonstrated  by  making  pres* 
sure  upon  the  artery  of  a  limb,  when  it  will  be  seen  that  the  veins 
which  ifc  feeds  collapse  or  become  distended,  as  the  pressure  upon 
the  artery  is  increased  or  diminished.  The  veins,  however,  appear 
to  possess  active  contractility,  which  cannot  be  without  its  influ- 
ence upon  the  circulation' '^.  The  valves  of  the  veins,  and  the 
pressure  of  neighbouring  muscles  and  parts,  also  exert  an  influence 
upon  the  progress  of  the  blood.  There  is  no  good  foundation  for 
the  admission  of  any  suction  power  of  the  heart,  such  as  was 
formerly  recognised,  upon  the  great  venous  trunks  that  enter  it'*\ 

to  50,  in  the  sheep  from  60  to  80,  in  the  dog  and  cat  from  90  to  100  per  minute. 
See  6urlt*8  Manual  of  ComparaUoe  Physiology^  p.  156. 

^^  Stimuli  applied  to  the  great  venous  trunks  in  particular  have  been  observed 
to  produce  contractions,  by  Yerschuir,  Hastings,  Bruns,  Valentin,  and  others. 
See  Henle,  1.  c.  p.  517. 

'^^  As  &ct8  proving  this,  we  might  quote  with  Wedemeyer,  that  the  veins 
swell  and  become  distended  when  they  are  tied,  and  fiuther  the  motion  of  the 
blood  in  the  vena  portse,  and  in  acardiac  monsters.  See  Wedemeyer,  1.  c  p. 
809.  Parry  in  his  Experimental  Researches  on  the  Influence  of  Atmospherical 
Pressure  upon  the  Blood  in  the  Veins^  Lond.  1826,  believed  that  he  had  observed 
in  the  course  of  his  experiments,  that  coloured  fluids  only  entered  the  jugular 
vein  during  the  inspiration  of  the  animals  which  were  their  subjects.  From 
thence  he  infers,  that  the  partial  removal  of  the  pressure  of  the  atmosphere  from 
the  parts  within  the  thorax  duriug  each  inspiration,  is  the  most  efficient 
cause  of  the  progression  of  the  blood  in  the  veins.  Wedemeyer  very  properly 
observes  by  way  of  answer  to  this,  that  the  foetus  has  a  very  perfect  circulation 
without  any  kind  of  respiratory  movement.  [One  of  the  most  powerful  argu- 
ments for  the  influence  of  the  inspiratory  movement  upon  the  progress  of  the 
blood,  is  afforded  by  the  entrance  of  air  into  the  veins  in  the  course  of  surgical 
operations  about  the  root  of  the  neck.  I  know  of  no  cause  that  can  make  the 
air  rush  with  a  hissing  or  guggling  noise  into  the  wounded  jugular  or  subclavian 
vein,  save  the  action  of  the  thorax  during  inspiration.  Beyond  all  question, 
however,  the  influence  of  the  inspiratory  movement  can  extend  but  a  very  short 
way  along  the  great  venous  trunks,  and  in  ordinary  states  it  is  probably 
altogether  without  effect  on  the  progress  of  the  blood, — the  pulse  is  as  full  and 
regular  during  the  longest  expiration  as  it  is  during  inspiration,  and  the  circula- 
tion is  perfect  in  animals  which  do  not  breathe  by  expanding  and  contracting  a 
thoracic  grating,  as  it  is  also  in  the  foetus,  as  observed  by  Wedemeyer.  R.  W.] 
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The  rhythmical  movement  of  the  heart  extends  to  the  capillaiy 
arteries  in  a  remitting^  and  to  the  veins  at  their  commencements,  in 
a  continuous  manner,  when  the  motion  of  the  blood  becomes  at 
the  same  tim^e  notably  retarded*'*. 

Of  Motion  effected  by  Contractile  Fibree  which  yield  Gelatine. 

§  403.  There  are  unquestionably  contractile  fibrous  tissues  in 
the  human  and  animal  body,  concerning  several  of  which  we  have 
already  had  occasion  to  speak,  (as  of  the  iris,  §  316,  of  the  arteries 
and  veins,  §  401  and  402),  which,  strictly  considered,  cannot  be  held 
to  belong  either  to  the  purely  muscular  or  cellular  tissue.  There 
are  yet  others  of  the  same  description,  of  which  the  dartos  scroti 
may  be  taken  as  a  type.  This  is  a  fibrous  tissue,  veiy  similar  to 
the  general  connecting  or  cellular  tissue,  but  of  a  redder  colour. 
The  fibres  combine  into  bundles,  which  compose  a  long-meshed  net^ 
work.  It  is  by  means  of  this  tissue  that  the  scrotum  possesses  the 
faculty  of  contracting  into  a  hard  ball,  covered  with  transverse 
rugsB  under  the  influence  of  cold.  Internally  the  dartos  passes 
into  loose  cellular  tissue.  It  would  appear  fix)m  the  latest  inquiries, 
that  the  dartos  is  nothing  more  than  modified  cellular  or  conmioii 
connecting  tissue,  more  plentifully  supplied  with  blood-vessels  than 
usual  It  would  seem  that  the  common  int^ument  acquired  its 
tonic  contractility,  or  faculty  of  contraction,  fix)m  possessing  an 
admixture  of  fibres  of  the  same  description  as  those  that  form  the 
dartos.  Probably,  too,  the  longitudinal  and  annular  fibres  of  the 
vasctdar  system  consist  of  a  modified  cellular  tissue  in  the  coarse  of 
transition  into  muscular  tissue ;  for  not  only  do  the  trunks  of  the 
arteries  and  veins  contract  upon  the  application  of  stimuli,  but  that  of 
the  lymphatic  system,  or  thoracic  duct,  does  so  likewise  (§  267  )l  The 
majority  of  the  contractile  fibrous  tissues  are  distinguished  both 
chemically  and  histologically  from  the  muscular  tissue.  The  common 
cellular  or  connecting  tissue  may  be  assumed  as  the  type  of  the 
histological  form  of  these  contractile  fibrous  tissues.  Chemically 
considered,  these  tissues  are  distinguished  from  the  muscular  tissue 

••«  Tbifl  transition  fh>m  a  saltatory  to  a  continuous  motion  is  effected  by  the 
elasticity  of  the  arteries.    On  this  point,  and  others  connected  with  it, 
Weber,  De  PuUu,  ^. 
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by  this,  that  they  do  not  consist  of  fibrine,  and  yield  gelatine  by 
long  boiling.  The  structure,  development,  and  vital  endowments 
of  these  tissues,  are  still  but  imperfectly  known ;  the  consequence 
of  which  state  of  things  is,  that  their  limits  and  transitions  cannot 
yet  be  precisely  determined.  It  is  probable  that  they  will  be  found 
to  form  a  progressive  series,  more  and  more  highly  organized  as 
they  advance  from  the  simple  connecting  or  cellular  tissue,  to  the 
cross-streaked  muscular  fibre  of  animal  life**"*. 

Of  CiUary  Motions* 

§  404.  The  vibratile  or  ciliary  motions  constitute  a  peculiar  class 
of  motory  phenomena.  They  appear  to  have  been  perceived  by 
the  older  observers,  but  their  cause,  or  the  conditions  on  which  they 
depend,  were  unknown ;  it  is,  indeed,  only  in  very  recent  times 
that  they  have  been  studied  in  all  their  peculiarities,  and  that 
the  great  extent  to  which  they  take  place  has  been  discovered*'*. 

"^  I  have  spoken  of  these  tissues  here,  merely  for  the  sake  of  connectioD  and 
completeness.  The  works  on  general  anatomy,  particularly  that  of  flenle,  may 
be  consulted  for  farther  information  in  regard  to  their  structure.  The  view  at 
the  conclusion  of  the  above  paragraph,  appears  to  me  to  derive  great  support 
from  the  circumstance,  that  in  one  and  the  same  system  of  organs  we  are  fre- 
quently able  to  trace  the  transition  and  gradual  completion  of  the  contractile 
tissue;  in  the  ciliary  ligament  and  iris  of  birds,  and  in  some  lymphatic  hearts, 
we  find  cross-streaked  fibres,  which  are  wanting  in  closely  allied  organs,  or  in 
the  same  organs  of  other  animals.  [The  dartos  of  the  human  subject  seems  to 
have  more  than  the  mere  tonic  contractility  alluded  to  in  the  text.  The  motions 
of  the  scrotum  effected  by  its  means  appear  to  be  definite,  and  even  rhythmical, 
and  consist  of  an  alternate  swaying  from  side  to  side,  and  of  a  kind  of  rotatory 
movement  at  the  poles  or  points  where  the  motions  commence.    R.  W.] 

''^  Leeuwenhoeck,  Swammerdam,  and  Ant.  de  Heide,  were  acquainted  with 
the  ciliary  motion  ;  the  latter  was  probably  the  first  who  observed  it — Anatome 
MytuU^  Amst.  1684.  The  proper  discovery  of  its  cause,  however,  and  the 
development  of  the  entire  subject,  belongs  to  Purkinje  and  Valentin  :  De  Phe- 
nomeno  generaU  et  fimdamentali  Motiu  Vtbratorii  contimd  in  Membranis,  Sfc.^ 
Com.  Physiolog.,  Yrtii^BiBy.  1835;  and  the  Supplement  published  in  the  Acta 
Acad,  ecu,  Natur,  Curios,^  vol.  xvii.  p.  2.  Dr.  Sharpey  gave  an  excellent  ac- 
count of  the  phenomena  of  ciliary  motion  based  on  personal  observation  pur- 
sued through  the  entire  animal  series,  in  the  article  Cilia,  of  the  Cychpctdia.  of 
Anatomy  and  Physiology ,  1836.  [It  ought  to  be  stated,  that  Dr.  Sharpey  had 
been  studying  the  subject  of  eiliary  motions  for  some  considerable  time  before 

4  G 
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On  very  many  parts,  particularly  the  muco-membranous  surfaces  of 
the  human  and  anunal  body,  we  observe,  with  theaid  of  the  microscope, 
and  only  with  its  aid,  numerous  transparent  filaments,  leafeta,  or 
little  hairs,  (Fig.  CCXXXVm,  c,  !?)••%  placed  side  by  side  in 
rows,  and  bearing  a  certain  resemblance  to  the  eye-lashes^  whence 
the  name  cilia,  by  which  they  are  now  generally  known.  The  best 
of  all  subjects  for  studying  these  curious  little  bodies,  are  the  aver- 
tebrata,  and  among  them  there  are  none  better  than  the  common 
fresh  water  mussel,  (Anodonta,)  and  the  members  of  the  genus 
Fig.  CCXXXVIII.       Cydas* *  •.     The  cilia  here,  are  about  rh^ 

of  a  line  in  length,  (c,  c,)  and  are  set  upon 
^^^^^^^^      rounded  cells  (*,  ^,)  as  upon  bulbs;  their 

^,    motion  is  hook-like,  that   is  to    say,  the 
^i   point  of  each  cilia  successively  approaches 

its  base,  and  is  suddenly  stretched  out  again. 
In  other  cases,  as  in  man  and  the  mammalia,  the  cilia  are  frequently 
rather  like  leaves  than  hairs;  but  they  still  show  the  uncinate  vibra- 
tions. Besides  this  kind  of  motion,  another  is  noticed  in  many  cases, 
which  has  been  designated  infundibuUform.  Here  th^  base  is  the 
centre  around  which  the  cilia  sweep  in  a  vortex  or  circle'*^.    In 


the  appearance  of  Purkinje  and  Valentin's  work ;  he  had  even  made  out  the  entire 
subject  independently  and  for  himself.  His  masterly  paper  referred  to  above 
will  be  read  with  great  pleasure.    R.  W.] 

^'  I  take  this  opportunity  of  correcting  a  slight  error  in  the  representatioos 
of  the  cilia,  which  I  have  given  in  my  Icanes  Physitdogica.  There  ought  to  be 
no  space  betwixt  the  epithelial  cylinders  that  support  the  cilia,  and  the  cilia 
themselves ;  they  are  immediately  sessile  upon  the  epithelium,  as  in  the  plan 
figure,  Fig.  CCXXXIX,  p.  696. 

^^  A  small  piece  of  the  edge  of  the  mantle,  or  a  portion  of  the  gills  of  these 
animals,  being  placed  upon  a  glass  plate,  having  a  drop  of  water  added  to  it,  and 
another  thin  plate  of  glass  laid  over  it  as  a  cover,  will  be  found  to  exhibit  the 
cilia  and  their  motions  to  great  advantage.  The  mucous  membrane  of  the  nose 
or  fauces  of  the  frog  and  rabbit,  as  also  that  of  the  trachea  and  Fallopian  tube, 
may  be  selected  as  the  best  subjects  for  observing  the  phenomena  of  ciliary 
motion  among  vertebrate  animals.  The  best  way  of  proceeding  is  to  snip  off  a 
little  piece  of  the  membrane  with  a  pair  of  fine  scissors,  and  to  dispose  it  doubled 
or  folded  upon  the  port-object,  so  as  to  have  the  ciliary  edge  free  for  observa- 
tion. The  best  attenuating  medium  here,  is  serum ;  and  a  power  of  from  800 
to  500  linear  is  required  for  distinct  vision. 

""''  This  infundibuliform  motion,  which  Purkinje  and  Valentin  mention,  I 
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other  instances  still  the  cilia  show  a  kind  of  vacillating  or  irregular 
motion,  nodding  as  it  were,  and  then  standing  erect' "•.  When  the 
cilia  vibrate  in  rows,  it  is  impossible  during  the  period  of  highest 
activity  of  the  motion,  to  distinguish  the  several  cilia  by  which  it 
is  effected ;  all  that  is  perceived  is  a  glistering,  particularly  about 
the  edge  of  the  piece  of  membrane  that  is  lying  upon  the  port- 
object,  as  if  a  light  were  flickering,  or  a  fluid  were  passing  rapidlv 
over  its  surface.  After  a  time,  or  by  making  slight  pressure  upor* 
the  glass-plate  which  is  used  to  cover  the  object,  the  cilia  come  ou 
individually  and  more  distinctly,  and  some  of*  them  are  seen  to 
vibrate  more  slowly.  Now  and  then  small  detached  portions  of  the 
object  examined  are  observed  that  have  no  more  than  one,  two,  or 
three  cilia,  and  these  sometimes  pass  across  the  field  propelled  by 
the  action  of  the  vibratile  bodies,  as  a  boat  is  by  its  oars.  Small 
particles  of  colouring  matter,  blood-discs,  etc.,  added  to  the  fluid, 
are  perceived  to  be  attracted  towards,  and  then  pushed  suddenly 
away  from  the  cilia,  which  are  thus  perceived  to  be  possessed  of  the 
power  to  remove  bodies  or  masses  of  matter  relatively  of  very 
considerable  magnitude  *  * '. 

Ciliary  motions  are  observed  very  extensively  in  the  animal 
kingdom.  In  the  lowest  forms  of  animal  existence  that  people  the 
sea, — polypes,  echinoderms,  medusae,  and  molluscs — ciliary  motions 
are  noted  on  almost  every  free  surface,  upon  the  external  integu- 
ment, as  well  as  upon  the  internal  cavities ;  on  the  other  hand, 
again,  there  are  entire  classes  of  animals,  insects,  for  instance,  in 
which  the  remarkable  phenomenon  of  ciliary  motion  has  not  yet 
been  observed.  Among  the  vertebrata,  its  occurrence  is  somewhat 
limited,  and  it  is  observed  most  extensively,  and  of  greatest  inten- 
sity, in  the  amphibia.  In  the  warm-blooded  vertebrata  and  man, 
it  ceases  soon  after  death,  although  it  is  occasionally  seen  going  on 
several  hours  after  respiration  has  ceased ;  in  the  amphibia,  how- 
have  not  myself  observed,  any  more  than  various  other  kinds  of  ciliary  motion 
described  by  different  other  observers. 

^"^  The  moius  vaciUans  is  esteemed  the  most  frequent  by  MQller.  It  seems, 
however,  rather  to  take  place  as  a  consequence  of  lessening  power,  and  in  spots » 
the  primary  movement  is  probably  always  of  the  kind  which  has  been  charac- 
terized as  the  motus  unctnatus. 

^^  I  would  refer  here,  to  the  ciliary  motions  of  the  inner  aspects  of  arteries, 
§  1 10,  and  of  the  female  genital  organs,  §  27  and  34. 
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ever,  it  not  only  continues  for  hours^  but  almost  for  days.  The 
size  of  the  cilia  varies  much  in  different  cases,  and  may  be  stated 
at  from  ^^th  to  n/ou^  ^^  &  ^®  I  ^  some  cases  they  are  so  fine 
that  they  may  be  said  to  stand  upon  the  confines  of  vision  when 
aided  by  the  best  and  most  powerful  mic^o6Copes••^ 

$  405.  The  remarkable  feature  in  the  ciliary  motion,  is  its  inde- 
pendence of  the  nervous  system,  of  the  integrity  of  the  organ, 
and  it  might  even  be  said,  in  a  certain  sense,  of  the  organism  itself. 
In  the  fresh-water  mussel,  the  liveliest  ciliary  motions  are  often 
perceived  going  ofi  for  days,  and  almost  weeks,  upon  the  suriace  of 
detached  portions  of  the  animal ;  even  when  the  animal,  or  portions 
of  it,  are  far  gone  in  putrefaction,  the  motions  are  still  percdved 
very  <Ustinctly.  In  portions  of  the  mucous  membranes  of  dea^i- 
tated  tortoises,  the  same  thing  is  perceived  after  several  weeks  have 
elapsed.  In  birds,  all  ciliary  movement  is  generally  at  an  end  very 
speedily  after  death — after  the  lapse  of  a  quarter  of  an  hour  or  half  an 
hour  nothing  more  of  it  is  to  be  perceived.  In  mammals,  it  generally 
continues  for  a  few  hours, — speaking  generally,  until  the  body  has 
become  cold ;  it  consequently  continues  longer  in  warm  than  in 
cold  weather.  In  the  human  subject,  the  phenomenon  may  be 
observed  for  hours  upon  portions  of  the  mucous  membrane  of  the 
nose,  and  of  nasal  polypi*  •*.  It  is  influenced  variously  by  varions 
reagents  and  circimfistances.  Some  increase,  others  diminish  or 
destroy  it.  Slight  pressure,  succussion,  merely  shaking  the  table 
upon  which  the  microscope  stands,  suflSce  to  increase  the  activity 
of  the  ciliary  motions,  and  to  arouse  them  anew  when  they  have 
been  flagging,  or  come  to  a  stand  stilL  Light  does  not  seem  to  have 
any  influence  on  them ;  no  more  have  electricity  and  galvanism,  un- 
less, indeed,  they  are  of  such  intensity  as  to  decompose  the  animal  tis- 
sues, when  they  act  locally,  and  in  a  purely  chemical  maimer :  the 
cilia  that  are  attained  are  destroyed,  those  that  are  not  reached 
vibrate  on.  It  is  very  remarkable  that  the  substances  which  afiect 
the  nervous  system  so  powerfully,  such  as  hydrocyanic  acid  (diluted), 


*«o  For  various  other  points  of  inte^st  in  connection  with  cilia,  and  dliaiy 
motions,  I  muBt  refer  to  Purkinje  and  Valentin's  work,  and  to  Dr.  Sharpe/s 
article  cixja. 

* " '  I  haye  seen  the  ciliary  motion  continue  for  six  hours  on  the  surface  of  a 
nasal  polypus,  which  had  been  extirpated. 


CILIARY    MOTIONS.  695 

morphine,  strychnine)  etc,  have  not  the  slightest  influence  on  the 
cilia  and  their  movements.  It  would  seem  that  it  is  only  when 
chemical  substances  are  used  of  such  strength  as  to  destroy  the 
animal  tissues,  that  they  have  any  effect  on  the  cilia — the  mineral 
acids,  acetic  acid,  the  caustic  alkalis,  corrosive  sublimate,  etc,  put 
an  end  to  the  dliary  movement  by  destroying  the  cilia;  saline 
matters,  quinine,  alcohol,  etc.,  act  less  powerfully.  Common,  or 
distilled  water,  though  it  does  not  arrest,  yet  it  retards  the  ciliary 
movement ;  tepid  water  gradually  lessens  its  intensity. 

The  influence  of  the  animal  fluids  upon  the  ciliary  motion  is  very  pecu- 
liar. Blood  stimulates  and  sustains  the  action  in  the  most  remarkable 
manner.  Portions  of  mucous  membrane  removed  from  the  bodies 
of  animals,  and  laid  in  whipped  blood,  will  exhibit  ciliary  motions 
at  the  end  of  three  days;  whilst  similar  pieces  placed  in  water  will 
have  lost  their  vibratile  powers  after  the  lapse  of  as  many  hours. 
From  certain  observations  it  appears,  however,  that  the  blood 
of  the  vertebrata  only  possesses  a  vivifying  or  enlivening  power 
upon  the  ciliary  movements  of  vertebrata;  applied  to  parts  of 
invertebrate  animals  which  exhibit  ciliary  movements,  the  blood 
of  vertebrate  animals  acts  as  a  poison,  immediately  arresting  all  mo- 
tion. Other  organic  fluids  exert  a  vivifying  or  enlivening  influence 
upon  the  ciliary  phenomenon,  and  in  the  following  order :  milk, 
albumen,  yolk  of  egg,  urine, — the  first  having  the  greatest  influ- 
ence, the  others  less  and  less  in  their  order.  Bile  tends  to  arrest 
the  ciliary  motion,  both  of  vertebrate  and  invertebrate  animals. 
The  ciliary  motions  have  been  found  quite  normal  in  hybemating 
animals  killed  during  the  period  of  their  unconsciousness***. 

§  406.  Up  to  this  time  ciliary  motions  have  been  observed  in  man, 
and  the  mammalia,  in  the  following  situations :  the  mucous  mem- 
brane of  the  nasal  passages,  of  the  lachrymal  duct,  the  palpebral 
conjunctiva,  the  upper  part  of  the  pharynx,  the  Eustachian  tube, 
the  greater  part  of  the  larynx  and  along  the  trachea  and  bronchi 
to  their  extremities,  the  female  organs  from  the  middle  of  the 
cervix  uteri,  through  the  tubes  to  the  edges  of  the  fimbrse;  finally, 
the  surface  of  all  the  cavities  of  the  brain'**. 

'  °  *  The  work  of  Purkinje  and  Valentin  may  be  referred  to  as  containing  am- 
ple information  upon  all  the  topics  which  have  been  glanced  at  in  the  preceding 
paragraph. 

•"'  Vide  Ilenle,  (1.  c.  p.  245,)  whose  observations,  in  the  main,  I  can  confirm, 
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Wherever  ciliary  motionfl  have  been  detected,  cilia  are  seen 
as  their  instruments^  set  upon  a  particular  fonn  of  epithelium, — 
the  cylinder-epithelium^  as  it  has  been  called,  composed  of  closely 
set  and  generally  conical  cells»  implanted  perpendicularly  upon 
the  subjacent  tissues.  (Fig.  CCXXXIX).  Each  cell  supports 
several  cilia  upon  its  free  summit,  and  internally  contains  a  dis- 
tinct nucleated  nucleus.  The  cells  of  the  ciliated  epithelium  vary 
somewhat  in  size  and  form  in  different  parts* '  ^.  Both  the  cells  and 
the  cilia  are  most  delicate  in  the  bnun**'.  Each  cylinder  supports 
six,  eight,  or  more  cilia,  which  are  sometimes  of  equal,  sometimes 
of  dissimilar  lengtL  The  dlia,  like  the  cylinders  that  support 
them,  are  deciduous  fonnations,  whidi  are  thrown  off  normally  as 
well  as  in  morbid  conditions  of  the  system ;  they  appear  in  great 
numbers  in  the  periodical  discharge  of  the  female,  in  catarrhs,  etc; 


S9' 
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although  I  hold  it  problematical  that  the  cilia  can  be  followed  into  the  tenninal 

vesicles  of  the  bronchi. 

*  Some  of  the  cylindrate  epithelial  cells  are  produced  inferiorly  into  a  point, 

a*  in  the  accon^oying  diagram,  in  which  case  the 
nucleus  c,  occurs  about  the  middle  of  the  formaUon. 
B)  Is  a  transyerse  section  of  three  ciliated  cells  to 
show  the  position  of  the  nuclei  and  nucleoli.  To 
obtain  a  view  of  the  ciliary  motion  in  man,  we  hare 
but  to  draw  the  extremity  of  the  handle  of  the  seal- 
pd  over  the  mucous  membraae  of  the  nose,  and  to 
transfer  the  mucus  that  is  thus  obtained,  properly 
prepared,  to  the  stage  of  the  microscope ;  it  rarely 
happens  that  one  or  more  epithelial  cylinders  with 
active  cilia  are  not  discovered.  The  tessular 
epithelium  of  the  mucous  membrane  of  the  mouth 
may  be  procured  by  lightly  scraping  the  inner  sur- 
fkce  of  the  cheek,  and  examined  at  the  same  time, 
by  way  of  contrast. 

•»»  Henle  found  cilia  of  great  delicacy  on  the  palpebral  epithelium  of  the 
human  subject.  Analogy  w«>uld  incline  us  to  believe  that  the  minute  yolk  of 
the  human  ovum  had  the  fiwulty  of  revolving  on  itself  during  its  passage 
through  the  Fallopian  tube,  in  consequence  of  possessing  a  delicate  though  tran- 
sitory ciliary  system.  Bischoff,  at  least,  has  shown  that  tiiis  remarkable  ftcnlty  is 
possessed  by  the  yolk  of  the  mammiferous  animal*8  ovum.  MQller*s  ArehiVf  1841. 
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they  are,  however,  very  readily  and  rapidly  reproduced*^'.  Their 
functional  significance  is  obscure*^' ;  nothing  certain  upon  the  sub- 
ject is  known,  neither  has  the  cause  or  mechanism  of  their  motions 
been  divined*" •. 

Of  certain  isolated  Motory  Phenomena, 

%  407.  Certain  motions  are  observed  in  the  fine  elementary  parts, 
both  of  vegetables  and  animals,  which,  when  carefully  investigated, 
will  be  discovered  to  form  steps  of  transition  to  the  ciliary  motions, 
and  may  prove  the  means  of  illustrating  their  nature.  The  motions 
alluded  to  are  those  that  take  place  in  isolated  cells,  and  which,  on 
this  account,  remind  us  of  the  isolated  activity  of  the  groups  of 
cilia  connected  with  the  several  cylinder-epithelial  cells.  In  the 
polypes,  actineaB,  and  medusas,  we  meet  with  certain  isolated  super- 
ficial thin-walled  vesicles, — microscopical  capsules  or  cells, — which 
contain  a  number  of  delicate  spiral  filaments  that  can  be  projected, 
and  that  perform  remarkable  serpentine  movements,  bearing  a  remote 
resemblance  to  those  of  the  spermatozoa*"".  The  pigmentary  cells 
or  chromatophora  of  the  cuttle-fish,  are  still  more  remarkable  ob- 
jects, their  walls  being  elastic  and  contractile,  and  susceptible  of 

•»«  Vide  §27. 

"  °  ^  The  influence  of  the  ciliary  action  in  aiding  the  access  of  the  spermatic 
fluid  to  the  ovum  in  the  tube  or  ovary,  has  been  already  mentioned.  That  the 
cilia  have  a  certain  functional  importance  in  the  hasiness  of  generation,  is  pro- 
claimed hy  the  fact  of  their  existence  heyond  the  vagina,  and  their  appearance  only 
with  the  period  of  sexual  maturity.  Vide  §  39.  It  is  quite  obvious,  farther,  that 
they  must  be  instrumental  in  brushing  particles  of  mucus  along  the  surface  of  the 
respiratory  passages,  of  the  Eustachian  tube,  &c.,  till  they  come  within  reach  of 
the  effort  that  is  made  in  hawking  or  coughing,  to  be  finally  rejected. 

*  "  *  A  certain  appearance  of  streaking  in  the  interior  of  ciliated  cells,  has  been 
indistinctly  perceived,  and  the  conclusion  jumped  to,  that  this  was  evidence  of 
the  existence  of  delicate  contractile  fibres  there,  by  which  the  motion  was  effect- 
ed. With  the  optical  instruments  we  possess  at  the  present  time,  it  is,  how- 
ever, impossible  to  come  to  any  decision  upon  this  point. 

* '  *  I  was  formerly  led  erroneously  to  describe  these  formations  in  the  ac- 
tineie  as  spermatozoa,  vide  §  6.  Kolliker  was  the  first  to  note  their  true 
nature :  ContribntiotUy  ffc, — Beitrage  zvr  Kenxitmn  der  Oeahlechtnerhitlimsse,  j-c. 
wirbelloter  Thiere^  Berl.  1841.  I  believe  the  parts  which  I  have  described  as  the 
stinging  organ  of  the  medusfie  to  be  of  the  same  kind :  Archivfur  Naturgeschiektey 
1841,  and  leones  Zootom,  Tab.  33  &  34. 
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being  opened  and  shut  like  pulsating  hearts.  They  often  resemble 
stellate  or  ramified  pigmentary  cells,  such  as  are  found  in  the  akin 
of  the  frog ;  or  they  are  like  the  cells  of  the  bone-corpuscles,  and 
include  nucleated  nuclei  in  their  interior*^^.  They  are  the  cause 
of  the  remarkable  changes  of  colour  presented  by  the  animaL 

To  these  motions  of  the  cell-walls  of  the  chromatophora  of  the 
cuttle-fish,  we  may,  probably,  assimilate  those  contractions  and  ex- 
pansions of  the  yolk-cells  of  the  planaria,  those  peristaltic  and  an- 
tiperistaltic motions  by  which  the  contents  of  each  yolk-ball  are 
incessantly  forced  hither  and  thither*  ^\  Here,  too^  we  are  re- 
minded of  the  motions  of  the  spermatozoa,  which  have  already  been 
particularly  considered,  those  generally  filamentary  formations  which 
at  one  period  constitute  the  contents  of  cells,  and  of  which  the 
motions,  still  included  in  their  parent  cells,  are  often  conspicuous'^*. 
Advancing  still  farther,  we  call  to  mind  the  motions  of  the  otoliths 
within  the  sacculus  of  the  cochlea,  of  which  we  have  already 
spoken  (§  292)^^'.  And  here  we  come  to  the  point  at  which  we 
immediately  pass  to  the  motions  that  take  place  among  the  sap- 
globules  within  the  cells  of  vegetables,  and  which  we  have  an  op- 
portunity of  observing  so  well  in  the  Chara,  Yallisneria,  and  other 
water  plants ;  motions  to  which  all  the  varieties  that  take  place  in 
plants, — those  of  the  Oscillatorise,  of  the  globules  in  the  Closterias, 
and  other  low  forms  of  vegetation — may  be  referred.  These  motions 
seem  to  lead  us  to  the  mysterious  chemical  agencies  of  the  several 
cells,  which  we  can  only  contemplate  more  particularly  in  the 

9^  See  my  paper  just  refeired  to  in  Arch./.  Naturg,  S.  35,  and  Icon,  Zooiom. 
Tab.  29.  The  changea  of  colour  observed  in  different  other  animals,  such  as  the 
chameleon,  are  probably  connected  with  some  structure  of  the  same  description. 

^^  y.  Siebold  has  observed  these  remarkable  fiicts  in  the  planaria,  and  made 
them  the  subject  of  a  communication  to  the  Royal  Academy  of  Sciences  of 
Berlin. — Vide  the  MonatsbeHcht^  or  Monthly  Account  of  Proceedings  of  the 
Academy  for  February  1841. 

^'  Since  my  account  of  the  motions  of  the  Spermatozoa  in  the  First  Book 
was  published,  additional  observations  have  been  nuide  by  more  than  one  phy- 
siologist, particulariy  by  Kolliker,  Op.  Cit  Vide  also  my  paper  On  Pde^uM. 
NoetSueoj  and  my  leones  ZootomkiB^  Tab.  33. 

9^  My  latest  observations  incline  me  to  refer  the  motions  of  the  otoliths  in 
the  snail  to  ciliary  actions.  I  believe  that  with  a  very  fine  instrument  and  care- 
ful illumination,  I  have  distinctly  seen  the  very  delicate  cilia  by  which  the 
motions  are  accomplished. 
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General  Physiology.  It  is  indubitable,  that  in  this  direction  there 
lies  a  rich  field  for  observation  still  unexplored;  and  it  seems 
likely,  that  starting  fix)m  this  point,  we  may  find  the  means  of 
answering  many  of  the  difficult  questions  which  are  constantly  pre- 
senting themselves  to  the  mind  when  somewhat  dose  views  are 
taken  of  the  human  and  animal  organisms  ^^*. 

*^  In  connection  with  many  of  these  tissues,  I  beg  to  refer  to  elementary 
works  on  Vegetable  Physiology,  to  the  General  Physiology,  and  to  a  larger  work 
which  I  have  begun  upon  Organic  Motory  Phenomena  in  particular,  and  which 
will  appear  by  and  by.  Many  of  the  motions  of  vegetables  are  most  intimately 
connected  with  their  growth.  [In  connection  with  many  of  the  vital  motions 
and  phenomena,  I  beg  to  refer  particularly  to  a  remarkable  work  upon  Caloric,  in 
iU  Physical,  Chemical,  and  Vital  agencies,  by  Samuel  Metcalfe,  M.D.,  which 
has  just  appeared.     R.  W.] 


[APPENDIX. 

Thbougr  the  kindness  of  Dr  Boyd,  the  resident  medical  officer  of  the  Mary- 
le-bone  Infirmary — ^an  institution,  which  the  zeal  and  intelligence  of  its  Physicians 
and  Surgeons  has  made  to  contribute  so  largely  and  so  effectively  to  Medical 
Science,  I  am  enabled  to  add  a  Table  of  the  weight  of  the  brain  at  dififerent 
ages,  firom  a  large  number  of  subjecta,  in  confirmation  of  what  is  said  in  Annot. 
763.  This  summary  I  cannot  but  think  interesting,  and  calculated  to  settle 
the  question  in  regard  to  the  period  at  which  the  brain  attains  maturity  in  point 
of  size.  It  is  to  be  hoped  that  henceforth  no  one  will  be  guilty  of  the  foUy  of 
maintaining  that  a  child  of  eight  years  of  age  has  as  large  a  brain  as  a  full  grown 
individual.  I  do  myself  the  pleasure  of  adding  Dr.  Boyd*s  observations  upon 
the  Table. 

^  The  small  number  of  observations  at  the  period  firom  10  to  20  years,  and 
the  accident  of  the  female  brains  examined  at  that  age  being  unusually  large, 
may  perhaps  account  for  the  average  weight  being  greater  than  at  either  of  the 
following  periods,  as  there  appears  to  be  a  tendency  to  increase  till  firom  30  to 
40  years,  at  which  period,  in  the  male,  the  brain  arrived  at  ita  maTrimum,  and 
also  in  the  mean  of  both.    From  40  to  50  years  it  decreased. 

*^  This  nearly  corresponds  with  the  late  Dr.  Sims*  opinion,  firom  253  observa- 
tions on  the  weight  of  the  brain,  to  be  found  in  voL  xiz,  Medic,  Chir.  Transactions. 

'^*  The  difibrence  between  the  weight  of  the  male  and  female  brain  at  each 
period  of  Ufe  is  remarkable. 
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TABLE — Showing  the  mean  tne^gki  of  Ihe  Human  BratHj  m  ounces 
the  number  of  ohservaUons  in  each  age  of  eigH  periods  of  life^  in  349  Afaleij  ami 
309  Females. 


M«rylebone  Infimutiyt 
Ihe.  iUh,  1843. 


▲OES. 

Number  of 
Brains  weiglied. 

Avenge  ira^t. 

Mean  of 
both. 

Total 
i    nnmber 

of 

I^e. 

Female. 

* 

Male. 

Female. 

obeerratioiM 

!2  to  5  years 

32 

25 

38.519 

36.085    37.416 

57 

5  to  10 

17 

20 

41.691 

39.956 

40.753 

i      37 

10  to  20 

18 

16 

45.138 

43.89 

44.551 

34 

20  to  30 

40 

44 

46.178 

43.306 

44.672 

84 

30to40  — 

68 

52 

47.689 

43.62 

45.926 

120 

40to  50  — 

82 

74 

47.108 

42.422  .  44.883 

156 

50  to  60  —    . 

72 

63 

46.868 

42.991 

44.243 

135 

60  &  upwards 

20 

15 

46.137 

41.03      43.95 

35 

R.  W.] 
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